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1. 

CONNECTIVE TISSUE GROWTH FACTOR 

This invention was made with Government support by grant no. GM 37223. awarded 
by the National Institutes of Health. The Government has certain rights in this 
invention. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

This invention relates generally to the field of growth factors and specifically to 
Connective Tissue Growth Factor (CTGF), a polynucleotide encoding this factor and 
methods of use for CTGF. 

RELATED ART 

Growth factors are a class of secreted polypeptides that stimulate target cells to 
proliferate, differentiate and organize in developing tissues. The action of growth 
factors is dependent on their binding to specific receptors which stimulates a 
signalling event within the cell. Examples of some well-studied growth factors 
include platelet-derived growth factor (PDGF). Insulin-like growth factor (IGF-I). 
transforming growth factor beta (TGF-p), transfomning growth factor alpha (TGF-a). 
epidermal growth factor (EGF). and fibroblast growth factor (FGF). 

PDGF is a cationic. heat-stable protein found in the alpha-granules of circulating 
platelets and is known to be a mitogen and a chemotactic agent for connective tissue 
cells such as fibroblasts and smooth muscle cells. Because of the activities of this 
molecule. PDGF is believed to be a major factor involved in the normal healing of 
wounds and pathologically contributing to such diseases as atherosclerosis and 
fibrotic diseases. PDGF is a dimeric molecule consisting of an A chain and a B 
chain. The chains fomi heterodimers or homodimers and all combinations Isolated 
to date are biologically active. 
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tissue growth. 

Lt« n-GF appears to be a central regulatory component of this process. 

cells. The growth stimulatory action of TGF-P appea^ to 
mechanism involving autocrine growth factors such as PDGF 
connective tissue growth factor (CTGF). 

Severa, .e^^.. C^eTGPH, supertax,. 

u «fth*»TGF-B family are also important mediators of tissue 

repair. TGF-p has oeen sno newborn mouse (Roberts. e( a/. . 

3.eausescU.*n,a^,^-^^^^^^^ 

r, " r::- - - --e ,0, .e ^a«e. o, ,.cU,.. an. 
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Other Skeletal defects (Glowackl. etal., Lancet. 1:959, 1981; Ferguson, et al., Clin. 
Orthoped. Relat. Res.. 222:265, 1988; Johnson, et al.. Clin Orthoped. Relat. Res., 
230:257. 1988). 

The isolation of growth factors and the genes encoding them is important in the 
development of diagnostics and therapeutics for various connective tissue-related 
disorders. The present invention provides such an invention. 

SUMMARY OF THE INVENTION 

Various cell types produce and secrete PDGF and PDGF-related molecules. In an 
attempt to identify the type of PDGF dimers present in the growth media of cultured 
endothelial cells, a new growth factor was discovered. This previously unknown 
factor, termed Connective Tissue Growth Factor (CTGF), is related immunologically 
and biologically to PDGF. however it is the product of a distinct gene. 

In a first aspect, the present invention provides a polypeptide growth factor for 
connective tissue cells. The polypeptide is a mitogenic agent and a chemotactic 
agent for cells. 

In a second aspect, the present invention provides a polynucleotide encoding a 
connective tissue growth factor characterized as encoding a protein (1) existing as 
a monomer of approximately 36-38 kD molecular weight, and (2) capable of binding 
to a PDGF receptor. 

In a further aspect, the invention provides a method for accelerating wound healing 
in a subject by applying to the wound an effective amount of a composition which 
contains CTGF. 

In yet another aspect, the invention provides a method of diagnosing pathological 
states in a subject suspected of having pattiology characterized by a cell proliferative 
disorder which comprises, (1) obtaining a sample suspected of containing CTGF 
from the subject, (2) determining the level of CTGF in the sample, and (3) comparing 
the level of CTGF in the sample to the level of CTGF in normal tissues. 
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. ^ c, a.e,^«na diseases CaraCe-^e. 

heating the ste of the disease with an e«e<*ve amount of a CTGF reactwe ag 

also provided. 

The present invention identifies a TGF-P responsive or regulatory element in the 5' 
Tn ranX nudeoUdes of the CTGF gene (about -154 to -145). Based on the 
; rdton of this element, the Invention now prov«es a method for .denting a 
identmcaiio exoression oomprlslng incubating components 

:z:rri;rnr;;^p«.----cr3.B, 

rrGF-pfaotorwh,ch^u,a.esTPRE.andmeasuHngthee«ec.ofthecompos,«^ 
Sf expression. Thus. «,e Invention prov«es a means for drug d«covery for 
treatment of fibrotic diseases. 

pp pp nPSCR^ PTioM OF THF ORAWINGS 

FIGURE 1 panel A shows the structural organization of the CTGF gene. Exons are 
::Z^ :Ze. reg-ons. w«h solid areas in the gene corresponding to the open 
15 reading frame. 

FIGURE 1 panel B shows a companson of nucleotide sequences "^t^^" ^^^GF 
lolrand.isM2^mo.er.lden«c.nu.eot«esaremar.cedv^^^^^ 

TATA box and other consensus sequences are indicated and shaded. The srte 
transcriptional initiation Is indicated at position number -H. 

' FIGURE 1C1 - 1C.3 Shows the complete nucleotide and deduced amino acid 
sfZ J.or CTGF stn.ctura, gehe and . and . untrans^ sequences. 

FIGURE 2 Shows a Northern blot analysis. Panel (A) shows prolonged induction of 

C^?GFmRNAryshorttem,TGFHJ.Connuer»^«u^^ 

rcirw.;MEM-.TScontalnlnge.g.mlon.^^^^^ 

5 ng/ml of Selenium for 24 hours pnor to «,e -"^fj^^;^^ 1 „,ubated with 
«nh lOng/mlofTGF-pfor 1 hour. '^^^'^^'T^^^J^J ^^^V^ 
OMHM.TS,or,nd^.ed«mep^^^^^^^^^ 

,CHX) on inducuon of C^^F mRNA.^n ug<ml); Lane 
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Lane E. same as B with RNA prepared 24 hours after addition of cycloheximide; 
Lane f. 24 hours TGF-p (10ug/ml); Lane G. same as D with RNA prepared 24 hours 
after addition of cycloheximide and 22 hours after removal of TGF-p. Panel (C) 
shows the effect of protein synthesis inhibitors on induction of CTGF mRNA. Cells 
were treated with puromycin or anisomycin for 4 hours. TGF-P was added 1 hour 
after the addition of protein synthesis inhibitor and cells were incubated for 3 hours 
prior to isolation of total RNA. CTGF transcripts were analyzed by Northern blot as 
described in the EXAMPLES. 

FIGURE 3 panel A shows deletion analysis of CTGF promoter-luciferase constmcts. 
Known consensus sequences are indicated. NIH/3T3 fibroblasts were transfected 
with the constmcts and 10 ng/ml of TGF-3 was added for activation of the cells and 
cell extracts were prepared 24 hours later. Relative induction is indicated as fold 
above non-induced control cells and normalized using the p-galactosidase activity 
from control plasmids that were cotransfected with the CTGF constructs. These 
studies were repeated 6 times with similar results. Data represent the average of 
duplicate transfections with the indicated construct performed in a single set of 
experiments. 

FIGURE 3 panel B shows TGF-3 response of an SV40 enhanceriess promoter 
element-luciferase reporter construct containing the TGF-P region of the CTGF 
promoter. The Indicated regions of the CTGF promoter were cloned In both 
orientations upstream from an SV40 enhanceriess promoter. Cells were treated with 
10 ng/ml of TGF-3 for 24 hrs prior to assay for ludferase activity. These experiments 
were repeated 4 times with similar results. Data repiBsents the average of duplicate 
transfections of the indicated construct from a single experimental set. 

FIGURE 4 shows competitive gel shift assays to delineate TGF-3 response element 
in the -205 to -109 region of the CTGF promoter. A nucleotide fragment consisting 
of the region from -205 to -109 of the CTGF promoter was end labeled with p and 
used in competitive gel shifts with the indicated oligonucleotides. The specific gel 
shifted band is indicated by the anx)w. A diagram of the sequences used indicates 
the position of these con-esponding to the NF-1 and TIE like elements. The 
numbered fragments in the diagram indicate the lane number in the competitive gel 
shift assay with the specific nucleotide sequence indicated above the lane (i.e. 3. - 
205/-150). Unlabeled competitors were used at a 250 fold molar excess over the 
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acted as specific competitors. Neither me r*r 



assay. 



containing mission G residues is from posiUons -157 to -145. 

■=,GURE 5 panel B shows a sequence analysis of the region -159 to -142 using a 
rrren. . ^ P^-r C-ie. to -e^^ .e same 

i:rrrarr=m^rs:^...^.s-.s... 

* and # are for orientation with sequence in A. 

„GURE6shov«competlUvegelsh««tra«onassayc.oligonuc.eo«d^^^^^^ 

T""^r.:^rrot:r.rai^^^^^^^ 

-143 region of the CTGFpromoxerw ^^^^t r.205 to -109). The intact 

rLT5rr3:rir;cxrrjm:iLoom^ona.io 

molar excess of laljeled probe. 

FIGURE 7 Shows poin, mutations In the TBRE decreases induction of the CTGF 
25 promoter by TGF-p. 

FIGURE 8 pane. A shows the eftec, o. herbimydn. ph^i ester. cAMP and cholera 
^TGF-Tlced CTGF expression as measured in a iudferase assay. 

FiGURE 8 pane, B shows photcmioographs of N1H«T3 ceiis e«her untreated, 
treated with TGF-P. cAMP (8Br oAMP) or cAMP '"^ ^^'P 
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FIGURE 8 panel C shows the results of inhibition of anchorage independent growth 
by 8Br cAMP and cholera toxin, and reversal of cAMP or cholera toxin inhibition of 
TGF-3 induced anchorage independent growth by CTGF. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention discloses a novel protein growth factor called Connective 
Tissue Growth Factor (CTGF). This protein may play a significant role in the normal 
development, growth and repair of human tissue. The discovery of the CTGF protein 
and cloning of the cDNA encoding this molecule is significant in that it is a previously 
unknown growth factor having, mitogenic and chemotactic activities for connective 
tissue cells. The biological activity of CTGF is similar to that of PDGF. however, 
CTGF is the product of a gene unrelated to the A or B chain genes of PDGF. Since 
CTGF is produced by endothelial and fibroblastic cells, both of which are present at 
the site of a wound, it is probable that CTGF functions as a growth factor in wound 
healing. 

Pathologically, CTGF may be involved in diseases in which there is an overgrowth 
of connective tissue cells, such as cancer, tumor formation and growth, fibrotic 
diseases (e.g.. pulmonary fibrosis, kidney fibrosis, glaucoma) and atherosclerosis. 
The CTGF polypeptide is useful as a therapeutic in cases in which there is impaired 
healing of skin wounds or there is a need to augment the nomrial healing 
mechanisms. Additionally, antibodies to CTGF polypeptide or fragments could be 
valuable as diagnostic tools to aid in the detection of diseases in which CTGF is a 
pathological factor. Therapeutically, antibodies or fragments of the antibody 
molecule could also be used to neutralize the biological activity of CTGF in diseases 
where CTGF is inducing the overgrowth of tissue. 

The primary biological activity of CTGF polypeptide is its mitogenicity. or ability to 
stimulate target cells to proliferate. The ultimate result of this mitogenic activity in 
vivo, is the growth of targeted tissue. CTGF also possesses chemotactic activity, 
which is the chemically induced movement of cells as a result of interaction with 
particular molecules. Preferably, the CTGF of this invention is mitogenic and 
chemotactic for connective tissue cells, however, other cell types may be responsive 
to CTGF polypeptide as well. 
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The CTGF polypeptide of the invention is characterized by existing as a monomer 
The o I or poiypcH' epcreted bv ceils and is active 

of approximateiy 36-38 i<Dmolecu.arwe.ght. CTGF ss^^^^^^ 

upon interaction wrth a receptor on a responswe cell. CTGF. s an. gen y 

to PDGF although there is little if any peptide sequence homology. Ant. PDGF 



antigenic epitopes. 



T.e .em, "subs,an«, pure" as used he«,n refers to CTGF wt.ch ^-^^^^ 
Ze of omer p^teins, Mds, carbohydrates or omer 

« assodated. The substantially pure polypeptide wili y.eid a s'ngie ma,or 
b^:* Po^acryiam^e ^i. Tbe ^ " ^ '^^'^^ ^^^^ 

a,so be deterr^ined by ar^inc-ter^inai amino add ^-^'^'^J^^ 

p„„pep«de incudes ^;;,^::rs^^^^^^^^^^ 
mitogenic and chemotactic activities of CTGF are retaine .^^i,i„__„„ 
LLng the biological ac«v«y of CTGF are induded In the .nvemio • Addi 
n,ore effective CTGF molecules produced, for example, through site directe 
mutagenesis of the CTGF cDNA are included. 

The invention provides an isolated polynudeotide 

:::Ls:^enoodeconnediv..s.^^^^^^ 

rI;^yreouLTn:udena,uraiWo=«.ntr«fon.s,s^asa„^^^^^^ 
,.e*n,,,y.a.pu,a.ed,or,ns,,orexa.p,^^^^^^^^ 

as ar«ricia«y syntt^slred ,he invention 

be subjected to slte^ireded mutagenesis. The polynudeouoes 

Therefore as long as the ammo acid sequence ot v. • « 
generate nudeotide sequences are included in the ,nven«on. 
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The term "polynucleotide" also denotes DNA. cDNA and RNA which encode 
untranslated sequences which flank the structural gene encoding CTGF. For 
example, a polynucleotide of the invention includes 5' regulatory nucleotide 
sequences and 3' untranslated sequences associated with the CTGF stmctural gene. 
The polynucleotide of the invention which includes the 5' and 3' untranslated region 
is illustrated in FIGURE 1C. The 5' regulatory region, including the promoter, is 
illustrated in FIGURE IB. 

The sequence of the cONA for CTGF contains an open reading frame of 1047 
nucleotides with an initiation site at position 130 and a TGA termination site at 
position 1177 and encodes a peptide of 349 amino acids. There is only a 40% 
sequence homology between the CTGF cDNA and the cDNA for both the A and B 
chains of PDGF. 

The present invention provides CTGF promoter nucleotides -823 to +74 as well as 
a TGF-p regulatory element (TpRE) located between positions -162 and -128 of the 
CTGF promoter sequence. Methylation interference and competition gel shift assays 
map a unique 13-nudeotide sequence between positions -157 and -145 delineating 
a novel TGF-3 cis-regulatory element. 

The CTGF open reading frame encodes a polypeptide which contains 39 cysteine 
residues, indicating a protein with multiple intramolecular disulfide bonds. The amino 
terminus of the peptide contains a hydrophobic signal sequence indicative of a 
secreted protein and there are two N-linked glycosylation sites at asparagine 
residues 28 and 225 in the amino add sequence. CTGF is a memeber of a protein 
family that includes semm induced immediate early gene products such as Cyr61 
(O'Brien, et ai. Mol. Cell. Biol., lfi:3569, 1990) and Fisp12 (Ryseck, e/ a/.. Cell 
Growth & Differentiation. 2:225. 1991)/BigM2(Bnjnner. et ai. DNA and Cell Biol., 
10:293. 1991); a v-src induced peptide (CEF-10)(Simmons. et ai, Proc. Natl. Acad. 
Sci., USA, S6:1178. 1989) and a putative oncoprotein (nov)(Joliot, et ai, Mol. Cell. 
Biol, 12:10. 1992). Twisted gastrulation (tsg), a gene that functions to control the 
induction of medial mesodermal elements in the dorsal/ventral patterning of 
Drosophila embryogenesis is more distantly related to CTGF (Mason, et al., Genes 
andDevei, fi:1489. 1994). There is a 45% overall sequence homology between the 
CTGF polypeptide and the polypeptide encoded by the CEF-10 mRNA transcript 
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(Simmons. e.a/., Pmc. Aoad Sci. t/SA6S:1178, 1989); the homology reaches 
52% when a putative alternative splicing region is deleted. 

DNA sequences of the Invention can be obtained by several methods. For example^ 
L DNA can be isotated using hybnd^ation procedures which are well Known in the 
Z These include, but are no. limited to : 1) hybridation of probes to genomic or 

cDNA llbranes to detect shared nucleotide sequences and 2) antibody screening of 

expression libraries to detect shared structural features. 

screening procedures which rely on nucleic add hybdd^tion make H ^ssib^to 
.date any gene sequence fiom any organism, provided the »PP™P"^ 
available. For example, oligonucleotide probes, which con^spond to a par. of the 
equence encoding me protein In question, can be synmeslzed chem,<^V^ Th = 
requires that short. ollgopepUde, stretches o. amino acid sequence must 1« Kn»»n . 
The DNA sequence encoding the pretein can be deduced from ^ ^'-^^^ 
however, the degeneracy code must be taken into account Jt ^o»* to 
peilomr a mixed addition reacUon when the sequence is degenerate. This includes 
a h*^neous mixture of denatured double-stranded DNA. For such screeni^^ 
hyb d. tion is preferably pe,fom,ed on e«her single-stranded DN^ or «t^ured 
double^tranded DNA. Hybridization is par«cularly useful In the detection of cDNA 
donenLed sources where an exUemely low amount of mRNA sequences 
Xtothepolypep^deof^restarepresent '"■-^'-<;^'^^"^;:r:. 
hybridization conditions directed to avoid non^pecrtic binding, it .s possible, for 
exmpl,.oa,^theau.oradiogra,*^v.ua«za«onofaspec«ccDNAclo^^^^^^^^ 

bybridlauon of the targe. DNA to *a. singte probe in *e modure ^ . *s 
complete complement (Wallace, e. at, Nuc/e/c Add Research. 8:879. 1981). 

A CDNA expression libraiv. such as lambda gt11. can be screens. IndirecUy for 
CTGF peptides having a. least one epitope, using an«bodles spe«flcfor CTGF o 
!ntfbod^s .0 PDGF Which cross reaC wim CTGF. Such anybodies can be either 
poXnyormonoclonally derived andused.ode.ec.express^nproductind,cat.e 

Of the presence of CTGF cDNA. 

DNA sequences encoding CTGF can be ex,^ssed /nV/fro ^^"2' 
slble host cell. 'I^ost cell^v^re celte in Which , vector can be prop^^^^ 
DNA expressed. The .em, also includes an, progeny of me subjeC hos. cell. Itis 
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understood that all progeny may not be identical to the parental cell since there may 
be mutations that occur during replication. However, such progeny are included 
when the term "host cell" is used. 

DNA sequences encoding CTGF can t>e expressed in vivo in either prokaryotes or 
eukaryotes. Methods of expressing DNA sequences having eukaryotic coding 
sequences in prokaryotes are well known in the art. Hosts include microbial,- yeast 
and mammalian organisms. 

Biologically functional viral and plasmid DNA vectors capable of expression and 
replication in a host are known in the art. Such vectors are used to incorporate DNA 
sequences of the invention. In general, expression vectors containing promoter 
sequences which facilitate the efficient transcription of the inserted eukaryotic genetic 
sequence are used in connection with the host. The expression vector typically 
contains an origin of replication, a promoter, and a terminator, as well as specific 
genes which are capable of providing phenotypic selection of the transfomned cells. 

In addition to expression vectors known in the art such as bacterial, yeast and 
mammalian expression systems, baculovirus vectors may also be used. One 
advantage to expression of foreign genes in this invertebrate virus expression vector 
is that rt is capable of expression of high levels of recombinant proteins, which are 
antigenically and functionally similar to their natural counterparts. Baculovirus 
vectors and the appropriate insect host cells used in conjunction with the vectors will 
be known to those skilled in the art. 

The temi "recombinant expression vector" refers to a plasmid. virus or other vehicle 
known in the art that has been manipulated by insertion or incorporation of the CTGF 
genetic sequences. Such expression vectors contain a promoter sequence which 
facilitates the efficient transcription of the inserted genetic sequence of the host. The 
expression vector typically contains an origin of replication, a promoter, as well as 
specific genes which allow phenotypic selection of the transfonned cells. Vectors 
suitable for use in the present invention include, but are not limited to the T7-based 
expression vector for expression in bacteria (Rosenberg, et al.. Gene. 5&A25. 1987), 
the pMSXND expression vector for expression in mammalian cells (Lee and 
Nathans. J. Biol. Cham.. 263:3521 . 1988) and baculovirus-derived vectors for 
expression in insect cells. The DNA segment can belpresent In the vector operably 
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„„Kea .0 re^o^ elements. ,or example, a promoter ,e.... T7. me.^,ott.,onein ,. 

or polyhedrin promoters). 

vector ma, ...e a ^^^^^ ::::: rz:.'tz::T. 

Xrr— :ranrc^stan.^ 

Examples of such """^^J aminoglycoside phosphotransferase (neo. 
,he gene for adenos,ne*am^a^<'^AM^^^^^^^^ 

.G418) dihydrofolate reductase (DHFR). nygromycm h k /yrjpRT 
Tyr^idine Kinase (TK). and xanthine guanine phosphonbosyl,rans.e,.e (XGPRT, 



gpt). 



The isolation and pun.ca.ion o, host cell express^ P^ypeP^s - 

be by any conventional means such as. for example, p p 
ZmaUph.sepa.«onsandimmunolog^lsepara.ionssuchasthose.v.v.g 

the use of monoclonal or polyclonal antibody. 

. V «f thP host cell with the recombinant DNA may be carried out by 
Transfomiat.on of the host cell witn me 

by the CaCI. method using procedures well known .n the art. Alternatively, g 
or RbCI could be used. 

VVhe,eU,ehostusedisaeu.a.o.e.va,,ousme.odsoJ^O^^^^^^^^ 

^ include .«ns..c«on of DNA by cal.um '^'^^^'^^^ ■„ 

^■renrencodlng the '>^^^:;^Z':ZZ:.^^ 
..g„0^.n.lecu.encodir.a^^-^^^^^^ 

^,m«i„e Kinase ge^ '^^^^^^ infect or transfom, 

sm,anv,.us40(SV40)orbov,n P P ^^^^ (-ok) Spring 

euKaiyotlc cells '■^^-'^^''^^^^^IXo. mammalian host «lls Include 
Harbor Laboratory. Gluzmaned.. 1982). txamp.es. ^ 

c. : COSt BHKr:293!;and ©HO cellsfv- : " '^'^ 
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Eukaryotic host cells may also include yeast. For example. DNA can be expressed 
In yeast by inserting the DNA into appropriate expression vectors and introducing the 
product into the host cells. Various shuttle vectors for the expression of foreign 
genes in yeast have been reported (Heinemann, J. et al.. Nature, 340:205, 1989; 
Rose, M. et a!.. Gene, 60:237. 1987). 

The invention provides antibodies which are specifically reactive with CTGF 
polypeptide or fragments thereof. Although this polypeptide is cross reactive with 
antibodies to PDGF, not all antibodies to CTGF will also be reactive with PDGF. 
Antibody which consists essentially of pooled monoclonal antibodies with different 
epitopic specificities, as well as distinct monoclonal antibody preparations are 
provided. Monoclonal antibodies are made from antigen containing fragments of the 
protein by methods well known in the art (Kohler. et al.. Nature, 256:495. 1975; 
Current Protocols In Molecular Biology, Ausubel, et al., ed., 1989). Monoclonal 
antibodies specific for CTGF can be selected, for example, by screening for 
hybridoma culture supematants which react with CTGF, but do not react with PDGF. 

Antibody which consists essentially of pooled monoclonal antibodies with different 
epitopic specificities, as well as distinct monoclonal antibody preparations are 
provided. Monoclonal antibodies are made from antigen containing fragments of the 
protein by methods well known in the art (Kohler, et al.. Nature, 25g:495, 1975; 
Current Protocols in Molecular Biology. Ausubel, et al., ed., 1 989). 

The term "antibody" as used in this invention includes intact molecules as well as 
fragments thereof, such as Fab, F(ab')2. and Fv which are capable of binding the 
epitopic determinant. These antibody fragments retain some ability to selectively 
bind with Its antigen or receptor and are defined as follows: 

(1) Fab, the fragment which contains a monovalent antigen-binding fragment of an 
antibody molecule can be produced by digestion of whole antibody with the enzyme 
papain to yield an intact light chain and a portion of one heavy chain; 

(2) Fab*, the fragment of an antibody molecule can be obtained by treating whole 
antibody with pepsin, followed by reducUon. to yield an intact light chain and a portion 
of the heavy chain; two Fab' fragments are obtained per antibody molecule: 
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and 
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polyclonal antibodies, as well as monoclonal antibodies (See for example. Collgan, 
et al., Unit 9, Current Protocols in Immunology. Wiley Interscience, 1994. 
incorporated herein by reference). 

It is also possible to use the anti-idiotype technology to produce monoclonal 
antibodies which mimic an epitope. For example, an anti-idiotypic monoclonal 
antibody made to a first monoclonal antibody will have a binding domain in the 
hypervariable region which is the "image" of the epitope bound by the first mono- 
clonal antibody. 

The invention provides a method for accelerating wound healing in a subject, e.g., 
a human, by applying to the wound an effective amount of a composition which 
contains CTGF, preferably purified. PDGF and PDGF-related molecules, such as 
CTGF, are involved in normal healing of skin wounds. The CTGF polypeptide of this 
invention is valuable as a therapeutic in cases in which there is impaired healing of 
skin wounds or there is a need to augment the normal healing mechanisms, e.g.. 
bums. One important advantage to using CTGF protein to accelerate wound healing 
is attributable to the molecule's high percentage of cysteine residues. CTGF. or 
functional fragments thereof, is more stable and less susceptible to protease 
degradation than PDGF and other growth factors known to be involved in wound 
healing. 

CTGF is produced by endothelial cells and fibroblastic cells, both of which are 
present at the site of a skin wound. Therefore, agents which stimulate the producUon 
of CTGF can be added to a composition which is used to accelerate wound healing. 
Preferably, the agent of this invention is transforming growth factor t>eta (TGF-p), 
however, it is likely that other TGF-p family members will also be useful in 
accelerating wound healing by inducing CTGF. The composition of the invention 
aids in healing the wound, in part, by promoting the growth of connective tissue. The 
composition is prepared by combining, in a phamnaceutically acceptable earner 
substance, e.g., inert gels or liquids, the purified CTGF and TGF-p. 

The term "cell proliferative disorder" refers to pathological states characterized by the 
continual multiplication of cells resulting in an overgrowth of a cell population within 
a tissue. The cell populations are not necessarily transformed, tumorigenic or 
malignant cells, but can include nomnal cells as well. For example. CTGF may be 
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When a cell proliferative disorder is associated with the expression of CTGF. a 
therapeutic approach which directly interferes with the translation of CTGF messages 
into protein is possible. For example, antisense nucleic acid or ribozymes could be 
used to bind to the CTGF mRNA or to cleave it. Antisense RNA or DNA molecules 
bind specifically with a targeted gene's RNA message, interrupting the expression 
of that gene's protein product. The antisense binds to the messenger RNA forming 
a double stranded molecule which cannot be translated by the cell. Antisense 
oligonucleotides of about 15-25 nucleotides are preferred since they are easily 
synthesized and have an inhibitory effect just like antisense RNA molecules. In 
addition, chemically reactive groups, such as iron-linked ethylenediaminetetraacetic 
acid (EDTA-Fe) can be attached to an antisense oligonucleotide, causing cleavage 
of the RNA at the site of hybridization. These and other uses of antisense methods 
to inhibit the in vitro translation of genes are well known in the art (Marcus-Sakura, 
Ana/., Biochem., 122:289, 1988). 

Antisense nucleic acids are DNA or RNA molecules that are complementary to at 
least a portion of a specific mRNA molecule (Weintraub. Scientific American, 262:40. 
1990). In the cell, the antisense nucleic acids hybridize to the con-esponding mRNA. 
forming a double-stranded molecule. The antisense nucleic acids interfere with the 
translation of the mRNA, since the cell will not translate a mRNA that is double- 
stranded. Antisense oligomers of about 15 nucleotides are preferred, since they are 
easily synthesized and are less likely to cause problems than larger molecules when 
introduced into the target CTGF producing cell. The use of antisense methods to 
inhibit the in vitro translation of genes is well known In the art (Marcus-Sakura. 
Anal.Biochem., 122:289. 1 988). 

Use of an oligonucleotide to stall transcription is known as the triplex strategy since 
the oligomer winds around double-helical DNA, forming a three-strand helix. 
Therefore, these triplex compounds can be designed to recognize a unique site on 
a chosen gene (Maher. et al., Antisense Res. and Dev., 1X31:227, 1 991 ; Helene. C. 
Anticancer Dmg Design, §(61:569. 1991) for example, the TpRE region of the CTGF 
promoter. 

Ribozymes are RNA molecules possessing the ability to specifically cleave other 
single-stranded RNA in a manner analogous to DNA restriction endonucleases. 
Through the modification of nucleotide sequences which encode these RNAs, it is 
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composition on transcription of CTGF can be measured, for example, by Northern 
blot analysis. A radioactive compound is added to the mixture of components, such 
as ^^P-ATP, and radioactive incorporation into CTGF mRNA is measured. 

Alternatively, a composition which affects the expression of CTGF can be identified 
by operably linking a reporter gene with the TGF-p responsive region of the promoter 
of CTGF. incubating the components including the composition being tested, the 
reporter gene construct and TGF-p and assaying for expression of the reporter gene. 
rSuch reporter genes will be known to those of skill in the art, and include but are not 
: . limited to a luciferase gene, chloramphenicol acetyl transferase gene (CAT assay) or p- 
galactosidase gene. 

The inducer of the TpRE can be added prior to or following the addition of the 
composition to be tested. Preferably, it is added after the composition is added. An 
inducer of this region in the CTGF promoter is preferably TGF-p, however, it is likely 
that other members of the TGF-P family will also be useful for induction from this 
element Other such family members or factors will be known to those of skill in the 
art. 

The method of the invention is preferably performed in an indicator cell. An "indicator 
cell" is one in which activation of CTGF or the reporter gene can be detected. 
Examples of mammalian host indicator cells include the pre-B cell line. 70Z/3, Jurkat 
T, COS, BHK, 293, CHO, HepG2, and HeLa cells. Other cell lines can be utilized as 
:£r indicator cells, as long as the level of reporter gene can be detected. The cells can 
be recombinantly modified to contain an expression vector which encodes one or 
more additional copies of the TpRE binding motif, preferably operativeiy linked to a 
reporter gene. The cells can also be modified to express CTGF, as described above. 

The reporter gene is a phenotypically identifiable marker for detection of stimulation 
or inhibition of CTGF activation. Markers preferably used in the present Invention 
include the LUC gene whose expression is detectable by a. luciferase assay. 
Examples of markers typically used in prokaryotic expression vectors include 
antibiotic resistance genes for ampicillin (p-lactamases). tetracycline and 
chloramphenicol (chloramphenicol acetyltransferase).t^^Examples of such markers 
typically used in mammalian expression vectors, which are preferable for the present 
invention, include the gene for adenosine deaminase (ADA), aminoglycoside 
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gene for a selectable marker so that transduced cells can be identified and 
generated. By inserting a polynucleotide sequence of interest into the viral vector, 
along with another gene which encodes the ligand for a receptor on a specific target 
cell, for example, the vector is now target specific. Retroviral vectors can be made 
target specific by inserting, for example, a polynucleotide encoding a sugar, a 
glycolipid. or a protein. Preferred targeting is accomplished by using an antibody to 
target the retroviral vector. Those of skill in the art will know of. or can readily 
ascertain without undue experimentation, specific polynucleotide sequences which 
can be inserted into the retroviral genome to allow target specific delivery of the 
retroviral vector containing the antisense polynucleotide. 

Since recombinant retroviruses are defective, they require assistance in order to 
produce infectious vector particles. This assistance can be provided, for example, 
by using helper cell lines that contain plasmids encoding all of the structural genes 
of the retrovirus under the control of regulatory sequences within the LTR. These 
plasmids are missing a nucleotide sequence which enables the packaging 
mechanism to recognize an RNA transcript for encapsldation. Helper cell lines which 
have deletions of the packaging signal include but are not limited to ty2. PA317 and 
PA12. for example. These cell lines produce empty virions, since no genome is 
packaged. If a retroviral vector is introduced into such cells in which the packaging 
signal is intact, but the structural genes are replaced by other genes of interest, the 
vector can be packaged and vector virion produced. 

Alternatively. NIH 3T3 or other tissue culture cells can be directly transfected with 
plasmids encoding the retroviral structural genes gag, po/ and env, by conventional 
calcium phosphate transfection. These cells are then transfected with the vector 
plasmid containing the genes of interest. The resulting cells release the retroviral 
vector into the culture medium. 

Another targeted delivery system for antisense polynucleotides a colloidal dispersion 
system. Colloidal dispersion systems include macromolecule complexes, 
nanocapsules, microspheres, beads, and lipid-based systems including oil-in-water 
emulsions, micelles, mixed micelles, and liposomes. The preferred colloidal system 
of this invention is a liposome. Liposomes are artificial membrane vesicles which are 
useful as delivery vehicles in vitro and in vivo. It has been shown that large 
unilamellar vesicles (LUV), which range in size from 0.2-4.0 urn can encapsulate a 
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The surface of the targeted delivery system may be modified in a variety of ways. 
In the case of a liposomal targeted delivery system, lipid groups can be incorporated 
into the lipid bilayer of the liposome in order to maintain the targeting ligand in stable 
association with the liposomal bilayer. Various linking groups can be used for joining 
the lipid chains to the targeting ligand. In general, the compounds bound to the 
surface of the targeted delivery system will be ligands and receptors which will allow 
the targeted delivery system to find and "home in" on the desired cells. A ligand may 
be any compound of interest which will bind to another compound, such as a 
receptor. 

The agent which modulates CTGF gene expression in the method of the invention 
includes agents which cause an elevation in cyclic nuclotides in the cell. For 
example, agents such as cholera toxin or 8Br-cAMP are preferably administered to 
a subject having a cell proliferative disorder associated with CTGF gene expression. 
Preferably, the cyclic nucleotide that is elevated after treatment in the method of the 
invention is cAMP or a cAMP analog, either functional or structural, or both. Those 
of skill in the art will know of other agents which induce cAMP or similar analogs in 
a cell and which are useful in the method of the invention. 

The therapeutic agents useful in the method of the invention can be administered 
parenterally by injection or by gradual perfusion over time. Administration may be 
intravenously, intraperitoneally, intramuscularly, subcutaneously, intracavity. or 
transdermally. 

Preparations for parenteral administration include sterile aqueous or non-aqueous 
solutions, suspensions, and emulsions. Examples of non-aqueous solvents are 
propylene glycol, polyethylene glycol, vegetable oils such as olive oil, and injectable 
organic esters such as ethyl oleate. Aqueous earners include water, 
alcoholic/aqueous solutions, emulsions or suspensions, including saline and buffered 
media. Parenteral vehicles include sodium chloride solution. Ringer's dextrose, 
dextrose and sodium chloride! lactated Ringer's intravenous vehicles include fluid 
and nutrient replenishers, electrolyte replenishers (such as those based on Ringer's 
dextrose), and the like. Preservatives and other additives may also be present such 
as. for example, antimicrobials, anti-oxidants, chelating agents and inert gases and 
the like. 
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DMEM, 10% FCS, 20Mg/ml Gentamicin. Fetal bovine aortic smootii muscle cells 
were obtained from tissue explants as previously described (Grotendorst, et aL, Proc, 
NatL Acad. ScL USA, 28:3669. 1981) and maintained in DMEM. 10% FCS. 20Mg/ml 
Gentamicin. and used in assays at second or third passage. 

Growth Factors and Antibodies 

Human PDGF was purified to homogeneity from platelets as described previously 
(Grotendorst. Cell, 36:279, 1984). Recombinant AA, BB. and AB chain dimeric 
PDGF molecules were obtained from Creative Biomplecules, (Hopkinton, MA). FGF 
was obtained from Sigma. Purified PDGF or synthetic peptides containing the amino 
and carboxyl sequences of the mature PDGF A and B chain molecules were used 
to raise antibodies in goats. Goats were immunized with 20Mg of purified PDGF or 
SOpg of synthetic peptide in Freunds complete adjuvant by multiple intradermal 
injections. Immune sera were collected seven days after the fourth rechallenge (in 
Freunds incomplete adjuvant) and subsequent rechallenges. The anti-PDGF 
antibody did not show any cross-reactivity to TGF-p, EGF. or FGF in immunoblot 
analysis. The anti-peptide antibodies were sequence specific and did not cross-react 
with other synthetic peptide sequences or with recombinant PDGF peptides which 
did not contain the specific antigenic sequence. This was determined by Western 
blot and dot blot analysis. 

Antibody Affinity Column 

Goat anti-human PDGF IgG (150 mg) was covalently bound to 25 mis of Affi-Gel 10 
support (BioRad) according to the manufacturers instructions with a final 
concentration of 6 mg IgG/ml gel. The column was incubated with agitation at 4*'C 
for 18 hours with 1 liter of HUVE cell media which had been conditioned for 48 hours. 
The gel was then poured into a column (5 X 1.5 cm), washed with four volumes of 
0.1 N acetic acid made pH 7.5 with ammonium acetate, and the antibody-bound 
PDGF immunoreactive proteins eluted with 1 N acetic acid. Peak fractions were 
determined by biological assays and immunoblotting and the fractions pooled. 

Initial studies of the PDGF-related growth factors secreted by HUVE cells were done 
by removing the serum containing growth media from confluent cultures of cells and 
replacing it with serum-free media. Aliquots of this media were removed periodically 
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. . ..or non-WmuneIgG (30 pg/ml) was added to the sample 



wo 96/38172 



PCT/US96/08140 



27. 

at 4**C prior to testing in the mitogenic assay. The mean of triplicate samples was 
detemiined and the standard deviation was less than 5%. The experiments were 
repeated at least three times with similar results. 

When aliquots of the partially purified proteins were assayed for chemotactic and 
mitogenic activity, all biological activity could be neutralized by prior incubation of the 
proteins with the anti-human PDGF antibody. This indicated that the only biologically 
active molecules present in the partially purified media proteins were PDGF 
immunorelated molecules. 

Aliquots of the partially purified proteins were immunoblotted using the same anti- 
PDGF antibody and the data indicated the presence of the higher MW molecules 
observed in the serum-free conditioned media. The major species secreted migrates 
on polyacrylamide gels at 36kD and comprises at least 50% of the total 
immunoreactive protein purified from conditioned media. The immunoreactive 
species migrating at 37 and 39 kD constitute most of the remaining immunoreactive 
protein. A similar pattern was seen with proteins labeled with ^S-cysteine and 
affinity purified with the anti-PDGF IgG immunoaffinity column. Less than 1 5% of the 
total affinity purified proteins co-migrated with purified platelet PDGF or recombinant 
PDGF isoforms. 

Prior incubation of the antibody with purified PDGF (300 ng PDGF/2 pg IgG) blocked 
antibody binding to all of the molecules, indicating shared antigenic determinants with 
dimeric platelet PDGF. Interestingly, when the antibody was blocked with 
recombinant AA, BB. or AB dimers. antibody binding to the HUVE secreted proteins 
was inhibited equally by all three dimeric forms, suggesting that the antibody 
recognizes common epitopes present on all three PDGF dimers and the HUVE 
secreted molecules. In order to insure that none of the antibody binding molecules 
detected on Westem blots was derived from fetal calf seaim or other additives in the 
culture media, a new. unused antibody affinity column was made and media which 
was never conditioned by cells was processed exactly as the conditioned media. No 
PDGF immunoreactive molecules were detected in the fractions from this column by 
immunoblot and no biological activity was detected. When platelet PDGF or the 
recombinant dimers are reduced with 200 mM dithiothreitol (DTT), monomeric A 
chain (17 kD) and B chain (14 kD) peptides are observed on immunoblots. Treating 
the HUVE molecules in a , 100 mM DTT sample buffer resulted in slower migration of 
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observed at 25 and 14 ku. reduced molecules. This is 

reduced protein as nonreduced in order to ^-^ect "^^^ ^ 
consistent the affinity of the antibody for -^—^^^^.^^^ pDGF-re.ated 
B Chain peptides. These data indicate that the maprspec.^^^^^^^ 

affin^ purified proteins from condHioned med.a ^^ "^^^^^^^^ 
peptide which migrates on acrylamide gels at an apparent molecular we g 
nonreduced and 38 kD when reduced. 



FXAMPLE 2 
piniOGICAi ASSAYS 



- -^^r " Z Ct^-; were ..o^ea us,n, ^ 

confluence and 3T3 celU made qu.es»n. ^» '"-^^■^'"'j „, ^„„„ 

OMEM. 0.2 mg/ml BSA before use. Sample P«'^"=J"'^* co. 
standards were added .o the we,, and '^-f^^^^^Z^^ , 
90% air for 18 hours, after which 'H*,m,d™ a. a ^ 

was added and abated for - ^^^^ :^drne"nLporaUon U.o 

cells washed and DNA synthesis detemiined from the Hthym^a 

^,oroace«c add p^pneble material .,ysclntl«a«onoount,„g. 

c|. ,-.mnhoi |inn rrl |mIT"""''l"*»"° 

™ nolvacrvlamlde gels containing SDS 

~tr:,a:rirJst,"rz „„,^, „.^™.e state. 

(Laemmli. U.K., Nature, -roteins to a nitrocellulose 

,„munob,o,«ng was perfom,ed b, ''-'""■^'^^^/'^""'"lOOmM NaCl 

„emb,anea,.lnc^«^- — 

(TBS) with 5% non-fat dry m.ll< at 25 C ^ , ;„ 
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overnight at 25°C. The membranes were washed 5 times in TBS. 0.5% milk for 10 
minutes each wash and then incubated with alkaline phosphatase conjugated affinity 
purified rabbit anti-goat IgG (KPL, Gaithersburg. MD) at a 1:1000 dilution in TBS 
containing 0.5% milk at 25**C for 1 hour. The filters were washed with TBS five 
times. 10 minutes each time, and the blot developed using an alkaline phosphatase 
substrate solution (0.1 M Tris-HCI. pH 9. 0.25 mg/ml nrtro blue tetrazolium. 0.5 mg/ml 
5 bfomo-4-chloro-3-indolyl phosphate). 

Major Chemotactic and Mitoaenic Activity i s Produced bv 36 kP Peptide and 
Not PDGF Peptides 

In order to determine if the chemotactic and mitogenic activities observed in the 
partially purified media proteins were from molecules containing the PDGF A and B 
chain peptides or were the products of molecules which do not contain these 
sequences, biological assays were performed with serial dilutions of the affinity 
purified media proteins and serial dilutions of recombinant PDGF AA and BB 
homodimers and the AB heterodimer. Sufficient quantities of the samples were 
prepared to perform the mitogenic and chemotactic assays and the immunoblots with 
aliquots of each dilution sample. The mitogenic activity of the HUVE affinity purified 
factors observed was comparable to the activity elicited by all three recombinant 
PDGF dimers. The chemotactic activity was comparable to the AB heterodimer. 
producing less response than the BB homodimer and greater response than the AA 
homodimer. When the biological activity of the samples was compared with 
immunoblots of equivalent amounts of the same samples, no A chain nor B chain 
molecules were detected in the test samples. These data demonstrate the major 
biological activity present in the anti-PDGF affinity purified fraction cannot be 
accounted for by PDGF A or B chain containing molecules and imply that the major 
PDGF-immunoreactive protein species present in these samples (the 36 kD peptide) 
is biologically active and does not contain amino acid sequences found in the amino 
and cartDOxy terminals of the PDGF A or B chain peptides. 
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gyAMPLE 3 

jECEEIQSCQMEilOIQiiASSA^ 



BSA and me plates placed on ice (or 30 m,nutes n se^m r 
,3..Tes.sa.^and^»n.™^~^^^^ 

BSA conU»,,ng 5-10 l^^r^^ range o, 300 ng/m, to 16 
one of me «comb,nan PDGF ' „, ,ne 24 well 

„g,m,. Oneml«««eral,quotsofthe samp^w P^^ ;,ner the incubation 
pte.es and incubated on ice on a platfom. each on ice wim PBS. The 



anti-PDGF antibody. 



,„.^.osubs.a,.atetheb^^o,««e.ome^^^ 

suHace,eceptocs,con,pe«tK,e«oe^orb^..^-a^ pe^^^^ ^ 
immunoblots of the aflin^y punlied HUVE cell se P 

p^ence o. "--^^ ^^^1-"^^ 

competition assays oouid not be ^p,ors on 

,„ mis mixture were competing for ^^^J^^ ppoF immunorelated 

protein secreted by HUVE cens are anti-PDGF 
compet^n was demonstrated on . m^^^-J-^^^ 

immunoreactive peptides to NIH 3^^^, purified proteins (10 

monolayers o, me 3T3 r,b™b,a«s w^e^n..PO^ |WP^_^ 

ng,ml) for 2 hours at4-C. Bound l*'**"™'! 'T, 3 „sing anti-PDGF IgG. 
1 1 N acetic ac« and quantitated b, '"--"^irLCs to »ii surface of NIH 
...datashowmatme3aKOim— ^^^^ 

3T3 cells. This binding can be J These data suggest mat me 

.combinant POOP BB added » the b^ng « , 

CTGF peptide binds to specrfic celt surface recep 
PDGF BB can compete with this binding. 
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RNA Isolation and Northern Blotting 

Total RNA was isolated from cells in monolayer culture cells. Lyophilized RNA was 
resuspended in gel loading buffer containing 50% fomiamide and heated at 95*^0 for 
two minutes before loading (20 [ig per lane total RNA) onto 2.2 M fonnaldehyde, 1% 
agarose gels and ain at 50 volts. Integrity of RNA was determined by ethidium 
bromide staining and visualization of 18S and 28S rRNA bands. After 
electrophoresis the RNA was transfen-ed to nitrocellulose by blotting overnight with 
10X SSC buffer. The nitrocellulose was air dried and baked at 80'*C for 2 hours in 
a vacuum oven. Hybridization was performed ovemight at 46^*0 with the addition of 
5X10® CPM per ml of ^^P-labeled probe. Normally for Northern blots, the entire 
plasmid was labeled and used as a probe. Labeling was done with a random primer 
labeling kit from Boehringer Mannheim. After hybridization, membranes were 
washed twice in 2X SSC. 0.1% SDS for 15 minutes each at room temperature, once 
for 15 minutes in 0.1X SSC, 0.1% SDS. room temperature and a final 15 minutes 
wash in 0.1X SSC. 0.1% SDS at 46^C. Blots were autoradiographed at -70**C on 
Kodak X-omat film. 

EXAMPLE 4 

LIBRARY SCREENING. CLONING, A ND SEQUENCING 

Standard molecular biology techniques were used to subclone and purify the various 
^ DNA clones (Sambrook. ef a/., Molecular Cloning a Laboratory Manual, Second 

edition, Cold Spring Harlxjr Laboratory Press, Col. Spring HartDor, NY). Clone DB60 
: was picked from a lambda gtl 1 HUVE cell cDNA library by induction of the fusion 

proteins and screening with anti-PDGF antibody. Plaques picked were rescreened 

and positive clones replated at low titer and isolated. 

The EcoR I insert from clone DB60 was cloned into the M13 phage vector and 
single-stranded DNA obtained for clones with the insert in opposite orientations. 
These M13 clones were then sequenced by the dideoxy method using the 
Sequenase kit (U.S. Biochemical) and ^^S^TP (duPont). Both strands of DNA for 
this clone were completely sequenced using primer extension and both GTP and ITP 
chemistry. Aliquots of the sequencing reactions were run on both 6% acrylamide (16 
hours) and 8% acrylamide (6 hours) gels, vacuum dried and autoradiographed for 
at least 18 hours. ^- '^^ 
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Subclones were made of P« 1. ^ double-smnded plasmld DNA 
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chemistry. 

■ =„rf -..Ml nf thr -""^^ Connective Tissue 

nr»iA/th Pactor 

,„ „,de. . n.«He, cbaracenze mese POOP related n,o.c^e. 

o, .he CTGF protein for amino acid se^uenang - ^J^^ ^ ^ 

concentrations of CTGF in the condiOoned '^J^l^^ ^ ^ 
and «me consuming techniques evolved .n ob^.n,n^ a^^^^^ 

„ade protein punf,c3«.n .0 homogene^y '"^" jj^^ 
Tbe,e,ore,«»a^-P0OF anybody wasu»d^o»«^^^ 

made in the expression vector lambda gt1 1 . 0«^^^ ■„ 
««ened. Several clones v*ich gave strong s|9natev«»,«^ an. P 

^ serening process were purged and ^J^^^^arch c, the 

partlalsequencedataobUinedbyslng^^DK^^^u^S^ 

GenBankDNA.equen«da,abase,nd,ca.ed.ha.Woor^«^P^ 

**u onrP R chain cDNA open reading frame sequence, v/ 
ftagments <><"-;°°" ^ teolated by CoUins. e. al: («u,e, 

clones was s.m,lar to a 1 .8 kb '"^P™ ' „, 500 bp was 

2^:7.8-750. 1985, f T«,d in a homo^y search o, ali 
completely sequenced and no match « „<,, 
nucleotide and amino acid sequences .n Gen^"K (CH= q^ 
,vai..e at that time,. This '^^^^'^^^Z^^^o^.^ 
the affinity purtfied prale-ns. A PMabeleo pr ^^^^^ 
a Northern b.t o, 20 Mg of -'f^^:^:^:T^.^ of su,r,c.ent 

:r cr^rTr rrroiecuiar ^ ^ ^ - 
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immunoblots of the affinity purified proteins. The DB60 clone was used to rescreen 
the HUVE cell cDNA lambda gt1 1 library and the largest clone isolated contained a 
2100 base pair insert designated DB60R32. A probe made with the 2100 bp Eco Rl 
insert of clone DB60R32 also hybridized with a single 2.4 kb message in a Northern 
blot of total RNA from HUVE cells. 

EXAMPLE 5 

IN VITRO TRANSCRIPTION AND TRANSLATION 

In vitro transcription reactions were done using the 2100 bp cDNA clone DB60R32 
in the Bluescript KB vector. The plasmid was cut with Xho I which cuts the plasmid 
once in the multiple cloning site of the vector 3* to the cDNA insert. The T7 promoter 
site located 5* to the cDNA insert was used for transcription. The in vitro 
transcriptions were done with a kit supplied with the Bluescript vector (Stratagene). 

In vitro translation reactions were done using nuclease treated rabbit reticulocyte 
lysate and ^S-cysteine in a cysteine-free amino acid mix for labeling of the peptide 
(Promega). The reactions were done in a final volume of 50 ul containing ^S- 
cysteine 1 mCi/ml (1200 Ci/mMole, DuPont). and serial dilutions of mRNA from the 
in vitro transcription reactions in concentrations ranging from 50 to 500 nanograms 
per reaction tube. The reactions were incubated at 30*^0 for 60 minutes. Aliquots 
of the reactions were run on reduced or nonreduced 12% polyacrylamide 
electrophoresis gels, dried, and autoradiographed. 

Bacterial expression of immunoreactive CTGF peptide was accomplished by 
subcloning clone DB60R32 into the Eco Rl site of the pET 5 expression vector 
(Studier, et al., Ed Academic Press, N.Y. Vol. 185. 60-89, 1990) in both sense and 
inverse orientations (as determined by restriction enzyme digest analysis). Cultures 
of E. coii HMS174 cells were grown in M9 media to an CD 600 of 0.7 and the media 
made 0.4 mM IPTG and incubation continued for 2 hours. The cells were pelleted, 
lysed. inclusion bodies removed by centrifugation and aliquots of the pellet extracts 
run on 12% polyacrylamide gels and immunoblotted using the anti-PDGF antibody. 
The protein produced by clone DB60R32 in the sense orientation produced anti- 
PDGF immunoreactive peptides in the 36-39 kD MW range while the anti-sense 
control produced no immunoreactive peptides. The recombinant peptides produced 
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■ v. the anti-PDGF reaction with the CTGF 
in the E CO// system completely blocked the ant. FU 

peptides present in conditioned media. 
r^rr'-»»" of CTGFJpJfeaSgHS 

♦..r* y laevis females were obtained from 
Por expression in Xenopus oocytes. .^^"^^/^^^^^^^^ Frogs were 

.asco (Port Atkinson. V.) and ^^^^^^ 3urgical.y removed. 
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ovarian tissue was m.nced and ^^^f^'"' 184-321-334. 1973) for 2-3 hours. 

« microinjected. 
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drained of excess OR-2 sduUon. ^^"^^ ^ equator using a Uete 
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exacted homogen^n^ --;- 
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30 seconds to separate the Pt-^; J^^'^J,^ ^ above. 
,0 tested for chemotacticactW using NlH3T3oens a 

*K io no of RNA preparations derived IV in in i*o 
injection of Xenopus oocytes v«th long of RNAP P ^ ^^^^^ 
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EXAMPLE 6 
SEQUENCE ANALYSIS OF CTGF 

The 2100 bp insert of clone DB60R32 was sequenced initially by subcloning of Pst 
I and Kpn I restriction fragments into Bluescript and using double-stranded dideoxy 
methods. This indicated an open reading frame of 1047 base pairs and oriented the 
DB60 insert to the larger cDNA. An Eco Rl/Kpn I fragment containing the entire open 
reading frame was inserted into M13 mp18 and Ml 3 mp19 and both strands of the 
DNA were sequenced with single-stranded dideoxy methods by primer extension 
using both GTP and the GTP analog ITP. The cDNA nucleotide sequence of the 
open reading frame encoded a 38.000 MW protein, confirming the cell-free 
translation results and matching the size of the immunopurified peptides. A new 
search of the GenBank data base revealed that this cDNA had a 50% nucleotide 
sequence homology with CEF-10 mRNA. one of the immediate eariy genes induced 
in v-src transformed chicken embryo fibroblasts (Simmons, et aL, Proc, NatL Acad, 
ScL USA, 86:1 178-1 182, 1989). The translated cDNA for human CTGF and avian 
CEF-10 have a 45% overall homology and a 52% homology if the putative alternative 
splicing region is deleted. This region is between amino acids 171 (aspartic acid) 
and 199 (cysteine) in the CTGF sequence. 

EXAMPLE 7 
ANALYSIS OF CTGF PROMOTER REGION 

Cell cultures 

Human skin fibroblasts were grown from explants of skin biopsy specimens. 
NIH/3T3 cells and Cos 7 cells were obtained from the American Type Culture 
Collection (ATCC, Rockvllle, MD) All cells were cultured in Dulbecco's modified 
eagle's medium (DMEM) contained 10% fetal calf seaim (FCS) at 37°C in an 
atmosphere of 10% CO2 and 90% air. Human skin fibroblasts were used prior to the 
sixth passage. 

Growth factors 

TGF-pl was a gift from Richard Assoian (U. Of Miami). Recombinant PDGF BB was 
obtained from Chiron (Emeryville, Calif). Purified murine EGF was purchased from 
Sigma (St. Louis. MO). 
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of pSV-3-Galactosidase vector (Promega). Cells were incubated in serum-free 
DMEM with ITS™ (Collaborative Biomedical Products) for 24 hours after transfection 
followed by the incubation with growth factors for 4 hours or 24 hours. Luciferase 
activity was measured by using Luciferase Assay System (Promega) and a 
scintillation counter (Beckman LS6000SC) using it in single photon monitor mode. 
To nonnalize for differences in transfection efficiency p-galactosidase activity was 
measured using a chemiiuminescent assay using Galacto-Light™ (TROPIX. Inc.). 

Preparation of nuclear extracts 

Nuclear extracts were prepared as described by Abmayr and Workman (Current 
Protocols in Molecular Biology, vol 2. pp12.1. 1-12.1. 9. Ausubel. etaL, Greene PubL. 
and Wiley Interscience, NY. NY. Briefly, cells were treated with hypotonic buffer 
(lOmM HEPES pH 7.9. 1.5mM MgClj, lOmM KCI. 0.2mM PMSF, O.SmMDTT). 
homogenized with 10 strokes of a glass dounce homogenizer and nuclei were 
isolated by centrifugation at 3300 x g for 15 minutes. Nuclear proteins were extracted 
by suspending the nuclei in an equal volume of extraction buffer (20mM HEPES 
pH7.9. 25% glycerol, 1.5mM MgCIs, 0.8M KCI. 0.2mM EDTA. 0.2mM PMSF and 
0.5mM DTT). The extract was dialyzed against 20mM HEPES pH 7,9. 20% glycerol, 
lOOmM KCI. 0.2mM EDTA. 0.2mM PMSF and 0.5mM DTT before use. Protein 
concentration was determined using the BCA protein assay regent (Pierce). 

Gel mobHity shift assays 

Fragments of the CTGF promoter were prepared by PCR or restriction endonuclease 
digestion of the promoter fragment Double stranded oligonucleotides were prepared 
by annealing complementary single stranded oligonucleotides. All oligonucleotides 
and fragments were checked by electrophoresis in agarose gels or polyacrylamide 
gels. Radiolabeled fragments of the CTGF promoter were prepared by end-labeling 
with Klenow enzyme (Boehringer Manheim) and polynucleotide kinase (Boehringer 
Manheim). Labeled fragments were purified by electrophoresis in 2% agarose gels 
or 20% polyacrylamide gel before use in gel mobility shift assay. The binding reaction 
mixture contained Ipg of nuclear extract protein in 20mI of lOmM HEPES pH 7.9, 
5mM Tris. 50mM KCI. O.ImM EDTA. 1 ^Jg poly(dl-dC)-poly(dl-dC) (Phamacia). 10% 
glycerol, 300Afg/ml BSA. and 10,000 cpm ^P labeled DNA probe. Unlabeled 
competitor DNA was added and incubated at 4°C for 2 hours prior to adding the 
labeled probe: The labeled probe was Incubated for one hour at 4*'C in the reaction 
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Tris. 0.38M glycine and 2mM EDTA. 

y^fl^^^u yiotinn interferRnce assj y. „,inonucleotides were prepared as 

^^^^^^^^^^^^^^^^ o ^^^^^^^^ -e me.Ma,ed by 

.escnbed .or »e Be, mob,,*., ^ .emperatura. DNA-protein 

dmemyl su«ate (Bsher SoenMc) for 5 m,nmesa ^^^^ ^^.^^ ^^^^ 

b,nd,r« and ge, mob„», ah« assa, were P='^"^ =^ oNAfrom shffied 

^oun. 0. ,aP.ed probe ^^^j:'>^:^:Z^J^ S.en«,. 
and non-shMed bands was punfied and ^^^j*'^^^ ^ .equendn, ge,. 
-^•^^"rorn^rrarntrerren.wereco.pa^dw^.e 
The sequences of the sninea dii 
intact probe sequenced using the same methods. 

CY AMPLE 8 

and c myc that are induced by growth 
Most immediate eariy genes, such as c- os • factor remains 

motors exhib. a short --J^— J^^^^^^^^^^^ at high ieveis for over 24 
present in the media. In contrast. CJ/^^ ^^^^^^^ ^o/. B/o/. Ce//.. 4: 637- 

Hou. after acUvationoftheceiiswrthTOF^^g^^^^^^ ^ ^^^^^^.^^ 

1993) This example examines whether the '0"9 
"wasdepende,«cntbecon«nuousp«aenceo,T3FH>. 

,<^„en.b^a.n.rob,a,.w«.c^r^-"--^^^ 

,n PBS and rep,aoed w«h 

B. After 1 hour exposure to TGF-P, cans w confUientcuttuiw 
OMEM.,TSfo,^b,<r«erentper^o«^S^ ^y^^_^ ^ ^, 

„, buman skin ffl^-asts were '-"f^J^^^ 24 bou. P"" to the 

insu„n. 6 pg/ml of transternn and 5 "^".^qf-S for 1 h^'. "'I- «^ 

,ddW«ofTGF^i.Anerthetreatman.w«^10^^■hl^^ 

^sbedw«,PBSand,nout«,ed-,OM^.^^^^^^ 

Northern bk,.ana^,s,sreveatedCTGFm 
30 hours after TGF-P remove, (FIGURE 2A). 
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The ability of TGF-p to induce the CTGF transcript in the presence of several protein 
synthesis inhibitors was examined. FIGURE 2B shows the effect of cycloheximide 
on induction of CTGF mRNA. I_ane A and H are non-treated control cells at 4 hours 
and 24 hours, respectedly. Lane B. 4 hrs. Cycloheximide (CHX) (10 ug/ml); Lane C. 
4 hrs TGF-p present for 1 hour during hour 1 of 2 of cycloheximide exposure; Lane 
E. same as B with RNA prepared 24 hours after addition of cycloheximide; Lane f, 
24 hours TGF-p (10ug/ml); Lane G. same as D with RNA prepared 24 hours after 
addition of cycloheximide and 22 hours after removal of TGF-p. 

As shown in FIGURE 2B, a 1 hour stimulation by TGF-P in the presence of 
cycloheximide was sufficient to induce CTGF mRNA 4 hours later as well as 24 
hours later. Cycloheximide alone was able to increase CTGF mRNA 4 hours later, 
suggesting the possibility of mRNA stabilization as has been reported for 
cycloheximide induction of other transcripts such as c-fos and c-myc (Greenberg. et 
ai. Nature (London). 211: 433-438. 1984; Kruljer. et ai. Nature. 312: 711-716. 
1984). However, a report by Edwards and Mahadevan (Edwards, D.R.. and L.C. 
Mahadevan, EMBO J.. 11:2415-2424. 1992) indicated that the protein synthesis 
Inhibitors cycloheximide and anisomycin. but not puromycin. could act to stimulate 
transdption of the c-fos and c-jun genes, therefore message stabilization is not the 
only possible mechanism of action for these compounds. 

The ability of anisomycin and puromycin to inhibit TGF-p induction of CTGF 
t^nscripts was compared with that of cycloheximide as to the ability to elevate CTGF 
transcripts. FIGURE 2C shows the effect of protein synthesis Inhibitors on induction 
of CTGF mRNA. Cells were treated with puromycin or anisomycin for 4 hours. TGF-P 
was added 1 hour after the addition of protein synthesis inhibitor and cells were 
incubated for 3 hours prior to isolation of total RNA. CTGF transcripts were analyzed 
by northern blot. 

Puromycin did not induce the CTGF mRNA at any of the concentrations tested up 
to lOOMg/ml. which is 10 fold higher than that needed to completely block protein 
synthesis in these cells. Even at this high concentration it had no effect on the ability 
of TGF-p to Induce the CTGF mRNA. In contrast, anisomycin did elevate CTGF 
transcripts (FIGURE 2C) as was seen with cycloheximide although TGF-p treatment 
still raised the level of CTGF mRNA in the presence of anisomycin. 



V/O 96/38172 



40. 



PCTAJS96/08140 



10 



15 



20 



25 



30 



v«i..r to those reported by Edwards and Mahadevan (Edwards. 

primarily acting at the level of transcription. 

PYAMPLE 9 
.T.nM OF Tlir H""^^ ^-^^-P QgNE 
^ «f the CTGF gene a fragment of the CTGF gene was first 

analysis of this fragment (HO90O) revealed the present of a 
^Jlepo^onofthe^a^entUslngH^OO^ap^^ph^;-^ 

«,ehun,ange„on,iol,b«n-«^a.^h,.n^ a^^^^^^^^^^ 

,he en«« coding sequence of «^^CTGF gene^ ^3 5 ex«« and 4 

p„.o.er region. As sh»«, " ^l^^^J^^^p^Ja^cfthemRNAcaps^e. 

irtrais. A TATA sequence s present ^^„,^ sequence of a CA.G 

de.em,inedbyoUgonuc.eo«aephmerex.e,«K.n.The~^ssq 

^, «hlch IS the ^«r core ofthe ser^n -P^^^ p„,e„«al 

CC,Am.GG. 's P«-'«'-^^"™°r*^rbrJoSp1 sites andtwo AP- 
.^^o,ye,ementsareateopresen,«d>Kinga<^Tb« P ^ , 

, ,l.es. .^r^. - X'rl Tsa^To'^-*----"^' 

" 7oN;^^cr;^ — — ^"^ 

sequence (GNNTTGe I laAMoi^ from the reported consensus 

.equences (H--^. ^^^^"^ „„,„3on showed that the hu.^ 

,«nscnp.on. 1£. PP ° ^ .^^ ,„ ^ murine fisp-ia pren,o.er ,n the 

CTGF promoter has an 80 A sequence 1 . ^ .1,. rcieSURE IB). Further 

^lon 300 nucleotides 5' of the transortpt«n start ^"^^ 
Zream regions e«N«t much ^ss slmlladty In DNA sequence. 
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EXAMPLE 10 
STtiniES ON THE CTGF PROMOTER 

To test whether the 5* nontranslated region of CTGF gene functions as a TGF-p 
inducible promoter, a fusion gene was constructed containing the CTGF promoter 
(nucleotides -823 to +74) and the coding region of the firefly iuciferase gene in the 
vector pGL2-basic. Luciferase activity was tested in a transient transfection assay 
using NIH/3T3 cells. This construct confen-ed a 15-30 fold induction of luciferase 
activity after 24-hour stimulation by TGF-3 compared with control cultures. As seen 
at the level of the CTGF mRNA. other growth factors such as PDGF. EGF and FGF 
stimulated only a 2-3 fold induction of luciferase activity under identical conditions 
(Table 1). 

TABLE 1 

CELL TYPE AND GROWTH FACTO R REGULATION 
OF THE CTGF PROMOTER 

RELATIVE FOLD INDUCTION OF LUCIFERASE ACTIVITY 
AFTER GROWTH FACTOR TREATMENT 



CELL TYPE 


TGF-3 


PDGF 


FGF 


EGF 


N1H/3T3 


25.7 


2.9 


3.3 


1.4 


HSF 


9.2 


2.4 


3.1 


2.2 


VSMC 


9.8 


ND 


ND 


ND 


HBL 100 


1.1 


ND 


1.3 


1.4 


HEP G2 


1.3 


ND 


1.4 


1.8 



ND Not Determined 

HSF-Human foreskin fibroblasts (primary) 
VSMC-Fetal bovine aortic smooth muscle cells (primary) 
HBL1 00 Human breast epithelial cell line (non-tumorigenic) 
HEP G2 Human Hepatic epithelial cell line (non-tumorigenic) 

(A CTGF gene fragment extending from nucleotides position -823 to +74 was inserted in the 
pGL2-basic vector. Plasmids were transfected with lipofectin for 6 hours and cells were 
incubated in DMEM-ITS for 16 hours prior to the addition of growth factors. After a 24 hour 
incubation cell extracts were prepared and luciferase activity measured. Luciferase activities 
were nomialized by measuring p-galactosidase activity expressed from a cotransfected lacZ 
expression vector. pSV-P-galactosidase vector and compared between growth factor treated 
cells and non-treated cells. These experiments were repeated 4 times with similar 
observations. A representative experiment is shown). 

When this pro'm%er fragment was'^cloned ih'the'revi^riste birientation (+74 to -823). 
only basal levels of luJ^erase activity were dete this lesvel w^s uneffected by 
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. ,,1 ihs cells The same pattern of grov»th 
TGF-P or other growth factor treatn^ent of .^»^- „, 
factor induction was observed when human 

HIHBTS cells fTable 1). TGF-P d« no. .n^- '"^^^ , ^„ 

cell lines (Table 1), demonstrating «.at l<^'^^^^ „„, ^ , lack of 
,pe spe^c. The lacK of an^spon. V ^^^aUe ^^^^^^^ ^ 

a TGF-P response as the growth of these oelK 
l^uc^onoflucHeraseac^vltvu^er^ec^^^^^^ 

:r=s=:ur.}a..— ^ 

control of CTGF gene expression by TGF-P. 



5 



20 




■ r.udferaseactlvitydetemihed as desoibed in Tabtet legend and 
'^'^fl?. n1[«?5 SK^sed for tt«se expemnents. 



25 




.detenhl^wh^^^noft^P^---^^^^ 
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region of the promoter down to base -363 which included an API site and the CArG 
box had no significant effect on the TGF-p induction of luciferase activity. 
Approximately a 30% reduction was seen when the second AP-1 was deleted (-363 
to -276) although the fold induction by TGF-p was still high (20 fold). Removal of the 
NF-1 like site in the P4 constmct (-276 to -128) eliminated the TGF-p inducibility of 
the promoter suggesting that this region contained the TGF-B response element. 
Taking advantage of two Bsm\ sites we deleted the nucleotides from -162 to -1 10 
leaving the remaining portions of the promoter intact. This construct exhibited a 
complete loss of TGF-P inducibility demonstrating that the sequence between 
positions -162 and -128 is essential for the TGF-p induction of luciferase activity. This 
region contains the TGF-p inhibtory element (TIC) -like site and is bordered by the 
NF-1 like site that others have reported plays a role in TGF-p regulation of a2(l) 
collagen gene expression (Oikarinen, J., A. Hatamochi. and B. De Crombrugghe., 
J. Biol. Chem., 262:11064-11070. 1987.) And type 1 plaminogen activator inhibitor 
(PAI-1) gene expression (Riccio. et at., Mol. Cell Biol.. 12:1846-1855. 1992.). 

A fusion gene was constructed placing the nucleotides from positions -275 to -106 
of the CTGF promoter upstream from an SV40 enhanceriess promoter controlling a 
luciferase gene to detemiine whether this region of the promoter was sufficient to 
confer TGF-p inducibility (FIGURE 38). The SV40 enhanceriess promoter was not 
regulated by TGF-p. However, the promoter containing the CTGF sequences -275 
to -106 confen-ed a neariy 9 fold induction after TGF-p treatment. Inversion of the 
fragment resulted in a lltUe stimulation of luciferase activity after TGF-p treatment. 
These data confimi that sites in the CTGF promoter between nucleotides -275 and 
-106 can act as TGF-p regulator elements. 

A series of competitive gel shift and methlylation interference assays were perfonned 
to delineate the region of this potion of the CTGF promoter that was binding to 
nuclear proteins. Initially competitive gel shifts were used to delineate which region 
of the sequence between positions -205 to -109 was a target for protein binding. A 
diagram of the probe and the various competitor fragments is illustrated in (FIGURE 
4). The results of these studies demonstrate that any fragment that contained the 
NH3 region (-169 to -149) acted as a specific competitor for the labeled promoter 
„ fragment containing bases -204 to -109 (FIGURE 4). This region is located between 
the NF-1 like and TIE like sites. Oligonucleotide fragments that contained only the 
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• nrtheNF.1 ,ikeregionwithouttheNH3regiondidnotcompeteinthe 
TIE like region or the Nh-i "Ke rtsyiw 
gel shift assay. 

perfonned. A fragment of me promoterfrom PO^^^'^J^^^^^ ^^^^ „e„en, 
r.e,esu.so,.^e— 

appear to be interacting wrth any nuclear pro P 3 region between 

these sHeafrom posmona -157 to -145 «"« „„^^3, p„«i„ 

„em.ate.nmea^^^^^ 

=L-are=etr^^^^^ 

pen. Caracte^e the aotua, ^r^'l^re 

^ se<,uencea«. -"'^7.^7^:^ - Ju of tHa mamt,at.n 

gel shift assay (FIGURE 6). Th^e .,53 

~r:::.'rror-...o.e.^n.th.o,vea.TO.. 
regulation of CTGF gene expression. 

(RGURE7). TWO poln. mutations we«.estedan^^»duca ^ 

Ue b, TOP* one mutagen "^^^ f^^sston compa,eU to 
other by 80%. Neither had any effect on basal leve 
25 control native sequence. 

. -^hvsvntheslsofongonudeoUdescontaininBthe 

Point mutations wete oonstmcted ^ ^-^1° , ^..^^ ,„ ^ cTGF 
.eslred base change and UKing '^"^ ^quen^ analysis to 

,„„„,er. All constn^ «ere conf,rmed ^ 3,, p, other 

demonstrate that only *e desired base ^„ peHP^ed 
30 nuc^-se^cewas^an^--^^ 

'cir ::r;rr;rn^ me Tab. . ^ - = 
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experiment with duplicate assays for each experimental condition. The experiment 
was run several times to confirm the results. These data demonstrate that a single 
mutation in this region of the promoter can reduce the TGF-p induction by 85%. to 
less than 15% of the normal gene. These data demonstrate that the sequence 
identified is essential for the TGF-p induction of the CTGF gene. 

EXAMPLE 12 
TGF-B STIMULATES ANCHORAGE INDEPENDENT 
GRO\ArrH VIA A CTGF DEPENDENT PATHWAY 

a. Inhibition of TGF-B induced CTGF gene expression bv elevation of cAMP 
levels 

Both herbimycin and phorbol esters were utilized to determine if either tyrosine 
kinases or protein kinase C had any role in the regulation of CTGF gene expression 
induced by TGF-p. These studies were performed using the CTGF promoter (-823 
to +74) luciferase reporter construct transfected into NIH/3T3 cells. 

NIH/3T3 cells were grown to 50% confluence in DMEM/10% FCS. They were all 
transfected with PO CTGF promoter (nucleotides position -823 to +74) driving the 
expression of the pGL2 basic vector firefly luciferase using LIPOFECTIN® as 
described above in EXAMPLE 7. After 24 hours In DMEM/ITS media the inhibitors 
were added. All of the agents were added to the cultures 2 hours prior to the 
^ addition of 10 ng/ml TGF-p. The cells were incubated 24 hours and the luciferase 
activity determined using the Tropix luciferase assay kit and a Beckman scintillation 
counter equipped with a single photon monitor. In a related experiment PMA was 
added to the cells for 24 hours prior to TGF-3 to deplete protein kinase C: This also 
had no effect on the ability of TGF-p to induce luciferase activity under the control of 
the CTGF promoter. Also, as a control experiment for the herbimycin studies, the 
activity of this agent to Inhibit PDGF induced cell division was examined. Confluent 
density arrested monolayers of NIH/3T3 cells were treated with the indicated 
concentrations of heitimycin for 2 hours prior to addition of recombinant PDGF BB. 
The number of cells was determined by trypsinization and counting 24 hours after the 
addition of PDGF. The mitotic index represents the percent of cells that underwent 
mitosis. 
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^ erget cells. However, both cholera tox n 
the TGF-B induction of the CTGF gene (FIGURE 8A). 

...e.atain.cate.hetnel.her.ro..e^^^^^^^^^^ 
signal transduction pathway leading to CTGF genejnd 

Also, cclic nucleotide regulated p™te,ns -° ""'^^^t Jon o, cAMP «vels 
pathwa,forregulaUonofCTGFgeheexpress,on^H^v«.e _^ ^ ^^^^^^^ 

,„ ce. -rp:r::i^^^^^ - » - - 

experiment we find that the cAWiK or exoression of the CTGF gene. 

r:g:er:r:r:rrFt=^erecep.^ 

I^ectinglanscription .actor hind«,g to me CTGF promoter. 

. ■ piruRESB are photomicrographs of the NIHraT3 cells 
The four panels shown m F^RE 8B »^^^P tGF-P 
used in the above expenments wh,ch ««« ^° ' ^ 
OOngM,i,;cAMP,8BrcAMP(1000-):c^°H^^^^ 

TGFH>(10ng/m„p.ior.ode.«m^.l-^^ J^.^, ^^^^ 

„„,e CAMP causes -;-;.«"J^^^„^T„,^hologica.a^^^ 

NiH«T3 ce«s. TGF.^ ^^^^.^ ,„ cells treated with TGF-S. 

„,ese cells which was -'^•;^;^„^cTGF gene expression K has no 

Thus, although CAMP can block TGF p loou moqjhology 
e,,ec.onmeblochemicalevenlswh«h,eg^te«»o^r«dch^^^^ 

seen in these monolayer 7j;:^r^'rch can be d«erentia„, 

components in the acUon of TGFJ - respect 

treated ceils Which was reversed by addtlch of TGFHl. 



wo 96/38172 



PCTAJS96/08140 



47. 

c. Inhibition of TGF>B induced anchorage independent gro wth bv cAMP and its 
reversal by rCTGF 

Because of the results of the previous studies, experiments were performed to 
determine whether cAMP would block TGF-p induced anchorage independent 
growth. Initially the effects of 8Br cAMP, 8Br cGMP and cholera toxin on the ability 
of TGF-3 to induce anchorage independent growth of NRK cells. Anchorage 
independent growth assays were performed essentially as described by Guadagna 
and Assoian (J Cell Biol, 115: 1419-1425, 1991). Briefly NRK cells nomially 
maintained as monolayer cultures were plated on an agarose layer in DMEM/10% 
FCS containing 5 ng/ml EGF. TGF-p or CTGF was added and the cells incubated for 
72 hours. DNA synthesis is then determined by labeling for 24 hours with ^H- 
thymindine (2 uCi/ml) the cells harvested and processed by TCA precipitation etc. 
Inhibitors were added at the same time as the growth factors and remained present 
for the duration of the experiment (FIGURE 8C). (Abbreviations: Cholera toxin 
(CTX)). 

As seen in FIGURE 8C both 8Br cAMP and cholera toxin were effective inhibitors of 
growth in this assay while 8Br cGMP had no effect at concentrations up to 10 mM. 
Because expression of the CTGF gene was blocked by elevation of cAMP levels in 
the cells, an experiment was performed to determine whether rCTGF could 
overcome the inhibition. As seen in the left panel in FIGURE 8B addition of rCTGF 
to NRK cells does not stimulate anchorage independent growth and therefore does 
not substitute for TGF-p. However, addition of the same amounts of rCTGF to cells 
treated with TGF-p and inhibited with either 8Br cAMP or cholera toxin overcomes 
the inhibition and allows the cells to grow at a rate comparable to those treated with 
TGF-p in the absence of cAMP or cholera toxin (far right panel). These studies 
suggest a direct link between the production of CTGF and the ability of NRK cells to 
grow in suspension. They also demonstrate that while TGF-p can induce certain 
effects in fibroblasts in the presence of elevated levels of cAMP they are not 
sufficient to allow for anchorage independent growth. Also, since CTGF alone is not 
sufficient to stimulate this biological response it is not a substitute for all of TGF-p's 
actions on fibroblasts. These results demonstrate there are both CTGF dependent 
and CTGF independent effects induced by TGF-p in target cells (NRK) that act 
synergistically to allow for a specific cellular response (anchorage independent 
growth). . . 
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S,:4167, 1986). The P^"' '^^^^^Tur.^ «om,a«on of connec«ve «ssue 
CTGF and the results showed that CTGF .^GF-S . Other 
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TGF-P injection. 

. t= 12 showed that cAMP levels could block the 
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nbrot>lasts and incroased '"""'T^' g«n„i,a„„ «ssue fom,atlon. 
injection of cholera toxin alone «used no ^-^^ « ^ 

cL^nledion cfTGF^ and 7" ™ ^.^^nauced fonhatlor, of 

--emonst^.-cho..^^^^ 

rruroraro^------"^^"'- 



10 



15 



20 



25 



30 



wo 96/38172 



PCTAJS96/08140 



49. 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: University of South Florida 
(ii) TITLE OF INVENTION: CONNECTIVE TISSUE GROWTH FACTOR 
5 (iii) NUMBER OF SEQUENCES: 2 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE : FISH & RICHARDSON 

(B) STREET: 4225 Executive Square, Suite 1400 

(C) CITY: La Jolla 
10 (D) STATE: CA 

(E) COUNTRY: US 

(F) ZIP: 92037 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 
15 (B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: PCT/US96/ 
20 (B) FILING DATE: 30-MAY-1996 

(C) CLASSIFICATION: 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Haile,Ph.D., Lisa A. 

(B) REGISTRATION NUMBER: 38,347 

25 (C) REFERENCE/DOCKET NUMBER: 07414/003WO1 

(ix) TELECC^IMUNI CATION INFORMATION: 

(A) TELEPHONE: 619-678-5070 

(B) TELEFAX: 619-678-5099 



(2) INFORMATION FOR SEQ ID NO:l: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2075 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

35 (ii) MOLECULE TYPE: cDNA 



(vii) IMMEDIATE SOURCE: 
(B) CLONE: CTGF 
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35 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 130-.in7 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

.^ccc=^ -c^cco ^ccc oxcccccc cc:»cc.cc. 
Lc30.cc ^cccc c^cccccxc .cc<=cc^c3 ccccc^ .ccccccc 

T^TT OGC CCC GTC CGC GTC GCC TTC 

„cc -X val 



120 
168 



1 5 

« 'r^r<r^ TiAO TGC 216 



^ ..C CC CTC OCC C^ - 
Val Val Leu Leu Ala Leu Cys Ser Arg f 

- - - - - - %4%T.=?.o^.^?^" — 

ser Gly Pro Cys Arg Cys fro 40 

^ <^ CTC TOT »C - - <?J^r^=^"?V-lH.V 

Lys Gly Leu Phe Cys Asp Phe Gly Ser Pro 
80 

^ - ^-.=.r.- "^1^^^^^^ 

110 



264 



312 



360 



408 



504 



600 
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GGG AAA TGC TGC GAG GAG TGG GTG TGT GAG GAG CCC AAG GAG CAA ACC 648 
Gly Lys Cys Cys Glu Glu Trp Val Cys Asp Glu Pro Lys Asp Gin Thr 
160 170 

GTG GTT GGG CCT GCC CTC GGG GOT TAG CGA CTG GAA GAG ACG TTT GGC 696 
Val Val Gly Pro Ala Leu Ala Ala Tyr Arg Leu Glu Asp Thr Phe Gly 
175 180 185 

CCA GAG CCA ACT ATG ATT AGA GCC AAC TGC CTG GTC CAG ACC ACA GAG 744 
Pro Asp Pro Thr Met He Arg Ala Asn Cys Leu Val Gin Thr Thr Glu 
190 195 200 205 

TGG AGC GCC TGT TCC AAG ACC TGT GGG ATG GGC ATC TCC ACC CGG GTT 792 
Trp Ser Ala Cys Ser Lys Thr Cys Gly Met Gly He Ser Thr Arg Val 
210 215 220 



ACC AAT GAC AAC GCC TCC TGC AGG CTA GAG AAG CAG AGC CGC CTG TGC 84 0 

Thr Asn Asp Asn Ala Ser Cys Arg Leu Glu Lys Gin Ser Arg Leu Cys 
15 225 230 235 

ATG GTC AGG CCT TGC GAA GCT GAC CTG GAA GAG AAC ATT AAG AAG GGC 888 
Met Val Arg Pro Cys Glu Ala Asp Leu Glu Glu Asn He Lys Lys Gly 
240 245 250 

AAA AAG TGC ATC CGT ACT CCC AAA ATC TCC AAG CCT ATC AAG TTT GAG 936 
20 Lys Lys Cys He Arg Thr Pro Lys He Ser Lys Pro He Lys Phe Glu 

255 260 265 

CTT TCT GGC TGC ACC AGC ATG AAG ACA TAG CGA GCT AAA TTC TGT GGA 984 
Leu Ser Gly Cys Thr Ser Met Lys Thr Tyr Arg Ala Lys Phe Cys Gly 
270 275 280 285 

25 GTA TGT ACC GAC GGC CGA TGC TGC ACC CCC CAC AGA ACC ACC ACC CTG 1032 

Val Cys Thr Asp Gly Arg Cys Cys Thr Pro His Arg Thr Thr Thr Leu 
290 295 300 

CCG GTG GAG TTC AAG TGC CCT GAC GGC GAG GTC ATG AAG AAG AAC ATG 1080 
Pro Val Glu Phe Lys Cys Pro Asp Gly Glu Val Met Lys Lys Asn Met 
30 305 310 315 

ATG TTC ATC AAG ACC TGT GCC TGC CAT TAG AAC TGT CCC GGA GAC AAT 112 8 

Met Phe He Lys Thr Cys Ala Cys His Tyr Asn Cys Pro Gly Asp Asn 
320 325 330 

GAC ATC TTT GAA TCG CTG TAG TAG AGG AAG ATG TAC GGA GAC ATG GCA T 1177 
35 Asp He Phe Glu Ser Leu Tyr Tyr Arg Lys Met Tyr Gly Asp Met Ala 

335 340 345 

GAAGCCAGAG AGTGAGAGAC ATTAACTCAT TAGACTGGAA CTTGAACTGA TTCACATCTC 1237 

ATTTTTCCGT AAAAATGATT TCAGTAGCAC AAGTTATTTA AATCTGTTTT TCTAACTGGG 1297 

GGAAAAGATT CCCACCCAAT TCAAAACATT GTGCCATGTC AAACAAATAG TCTATCTTCC 1357 
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CC^^CT. '-"^ '"^^ 

.TT««.T.T OCCTT.«^ <=-.CCOCCC COCTT.CT.T 

CXO^TCO .™»C ™rrT C«.TOT«T T^CO- 

«™«.co Ta:TC.CT» cct^cotot. .cccc.<=to. c^-o^t ct,=»™tc 

^CTO. 0.0~ 0«0™"C CTT^C^ XC^OTCTC 
CTTCTC^rr C^^TC^ACAC TOTT«<=0« TCOO^TCCT =TCO.TT^ CTOC^C-- 
0«.™ CT^^CC ^.TXTTTT. ^A^- — 
~TOT «~C ».™TCT^ 0TT«TTT« 

;.„0T™T C™.T TTT™ TAXTTC^- TT^C.C« 



1417 
1477 
1537 
1597 
1657 
1717 
1777 
1837 
1897 
1957 



2075 



.TTCTO^C »T.T»»0C TTOTCT^TC 0TTC««X. T<=«.T=»T 

^.TTCT^C =«=.T«».T O^^CCT C»«»O.T T^TT^ 
CU^Cr^ OCOC^CT^T TTCTAOOT^ <»«TOTO=T «==T=.CO 

(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 349 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
Me. -a Ma Ser Met Olv .ro VaX Val Ma ... VaX VaX 



1 5 



30 



^„ CVS se. «c V.1 Olv «n cv. =XV »o 

CVS Z CX„ ..o «a »o CVS «o dv v.. S.. 
v.. 1 ASP O.V CVS =1V CVS CVS V,X Cvs Ma .vs C.n ^» 

«XV oil ^» CVS 3- "° =^ "o 

Z CVS - O.V Z ..o Ma «n .vs «v v.. cvs T.. 
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Ala Lys Asp Gly Ala Pro Cys lie Phe Gly Gly Thr Val Tyr Arg Ser 
100 105 110 

Gly Glu Ser Phe Gin Ser Ser Cys Lys Tyr Gin Cys Thr Cys Leu Asp 
115 120 125 

Gly Ala Val Gly Cys Met Pro Leu Cys Ser Met Asp Val Arg Leu Pro 
130 135 140 

Ser Pro Asp Cys Pro Phe Pro Arg Arg Val Lys Leu Pro Gly Lys Cys 
145 150 155 160 

Cys Glu Glu Trp Val Cys Asp Glu Pro Lys Asp Gin Thr Val Val Gly 
165 170 175 

Pro Ala Leu Ala Ala Tyr Arg Leu Glu Asp Thr Phe Gly Pro Asp Pro 
180 185 190 

Thr Met lie Arg Ala Asn Cys Leu Val Gin Thr Thr Glu Trp Ser Ala 
195 200 205 

Cys Ser Lys Thr Cys Gly Met Gly He Ser Thr Arg Val Thr Asn Asp 
210 215 220 

Asn Ala Ser Cys Arg Leu Glu Lys Gin Ser Arg Leu Cys Met Val Arg 
225 230 235 240 

Pro Cys Glu Ala Asp Leu Glu Glu Asn He Lys Lys Gly Lys Lys Cys 
245 250 255 

He Arg Thr Pro Lys He Ser Lys Pro He Lys Phe Glu Leu Ser Gly 
260 265 270 

Cys Thr Ser Met Lys Thr Tyr Arg Ala Lys Phe Cys Gly Val Cys Thr 
275 280 285 

Asp Gly Arg Cys Cys Thr Pro His Arg Thr Thr Thr Leu Pro Val Glu 
290 295 300 

Phe Lys Cys Pro Asp Gly Glu Val Met Lys Lys Asn Met Met Phe He 
305 310 315 320 

Lys Thr Cys Ala Cys His Tyr Asn Cys Pro Gly Asp Asn Asp He Phe 
325 330 335 

Glu Ser Leu Tyr Tyr Arg Lys Met Tyr Gly Asp Met Ala 
340 345 



wo 96/38172 



54. 



PCTAJS96/08140 



..... .e r rrrr— =r :r 



following claims. 



wo 96/38172 



PCTAJS96/08140 



55. 

CLAIMS 

1 . A method for accelerating wound healing in a subject in need of such treatment 
comprising contacting the site of the wound with a therapeutically effective amount 
of a composition containing CTGF polypeptide. 

2. The method of claim 1 , wherein the composition further contains an agent that 
stimulates the production of CTGF. 

3. The method of claim 2, wherein the agent is transforming growth factor beta (TGF- 
P). 

4. A method of diagnosing a pathological state in a subject suspected of having 
pathology characterized by a cell proliferative disorder assoicated with CTGF. 
comprising; 

obtaining a sample suspected of containing CTGF from the subject; 
detemnining the level of CTGF in the sample; and 

comparing the level of CTGF in the sample to the level of CTGF in a nomial 
standard sample. 

5. The method of claim 4, wherein the pathology is selected from the group consisting 
of fibrotic disease and atherosclerosis. 

6. A method for ameliorating a cell proliferative disorder associated with CTGF, 
comprising treating a subject having the disorder, at the site of the disorder, with 
a CTGF reactive agent. 

7. The method of claim 6. wherein the cell proliferative disorder is due to overgrowth 
of cells. 

8. The method of claim 6. wherein the cell proliferative disorder is due to overgrowth 
of connective tissue cells. 

9. The method of claim 6. wherein the CTGF reactive agent is an antagonist of CTGF. 
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,0. The method of dalm 9, wherein .he anUflonist Is an antibody which speoffically 
binds to CTGF polypeptide. 

1,. The memod of claim 6, wherein .he cell proliferative disorder is due to an 

undergrowth of cells. 

12. The method of claim 6. wherein .he CTGF reaCive agen. is .ransfomting growfh 
factor beta (TGF-p). 

n. A me*«. for identifying a composition which affect CTGF ^^'^ 

(a) lnouba.ing components comprising the oomposrtion and regulatory 
element (TSRE). wherein the IncubaUng is carried out under condmons and 
for a time sufficient to allow the components to Interac.; and 

(b) measuring *e effect of the composlUon on CTGF expression. 

14. The method of claim 13. further comprising adding TGF-P in step (a). 

15. The method of dalm 13. wherein the effect is inhibition of CTGF expression. 

16. The method of dalm 13, wherein the effect is stimulation of CTGF expression. 

17. The method of dalm 13. wherein the is operaUy linked to a reporter gene. 

18 The method of claim 17. whcein the reporter gene Is selected from the group 

I^Lung Of Nacamase. *lorampl«nlco, ^^'^'^'^J^^^'^ZZ 
deaminase (ADA) aminoglycoside phosphotransferase (neo. G418), dihydrofoiate 

(TK). p-galactosldase (frflal). and xan.hine guanine phosphonbosyLransferse 
(XGPRT). 

19. An isolaled polynudeotide encoding ^ CTGF poiypepUde of FIGURE 2 (SEQ ID 
NO:2). 

20. The polynucleotide of claim 19. wherein the polynucleotide is SEQ ID NO:1 
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21 . An isolated polynucleotide comprising 5* and 3* untranslated nucleotide sequences 
flanking a polynucleotide sequence encoding CTGF. 

22. The polynucleotide of claim 21 . wherein the polynucleotide is the polynucleotide of 
FIGURE 2. 

23. An isolated polynucleotide having the sequence 5*-GTGTCAAGGGGTC-3* (SEQ 
ID NO:8) and sequences substantially complementary thereto. 

24. A method of treating a subject having a cell proliferative disorder associated with 
CTGF gene expression in a subject, comprising administering to a subject having 
the disorder with a therapeutically effective amount of an agent which modulates 
CTGF gene expression, thereby treating the disorder. 

25. The method of claim 24. wherein the agent is a polynucleotide which modulates 
CTGF expression. 

26. The method of claim 25. wherein the polynucleotide is selected from the group 
consisting of an antisense, a ribozyme and a triplex agent. 

27. The method of claim 24. wherein the agent induces a cyclic nucleotide. 

28. The method of claim 27, wherein the agent is selected from the group consisting 
of cholera toxin and BBr-cAMP. 

29. The method of claim 27, wherein the cyclic nucleotide is cAMP. 

30. The method of claim 24. wherein the agent comprises a TGF-p responsive element 
(TpRE) polynucleotide. 

31. The method of claim 30, wherein the polynucleotide includes nucleotides from 
about -162 to -128 of the CTGF regulatory polynucleotide in FIGURE 1 . 

32. The method of claim 31 . wherein the polynucleotide includes nucleotides from 
about -154 to -145 of of the CTGF regulatory polynucleotide in FIGURE 1 . 
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33. A pharmaceutical composition comprising a therapeutically effective amount of 
CTGF. in a pharmaceutically acceptable carrier. 
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LUCIFERASE EXPRESSION (photons x 10-6) 
SEQUENCE USED BASEL EXP. TGF-P INDUCED FOLD INDUCTION 



NATIVE 
GTGTCAAGGGGTC 


0.42±0.01 


28.0±0.9 


66.7 (100) 


GTGTCAAGGtGTC 


0.41 ±0.05 


5.7±0.3 


13.9 (14) 


GTGTIAAGGGGTC 


0.36±0.03 


13.2±1.1 


36.8 (55) 



* * * **** * BASES MAPPED BY METHYLATION INTERERENCE 



FIG. 7 
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Kncleotida seaiaence of the CTGF gene 



-823 TCTAGAGCTCGCGCGAGCTCTAATACGACTCACTATAGGGCGTCGACTCGATCCCTTTTO 

-763 CTGGAAACATTGATGGCCACTCGTCCCTTqTCCTTGCCTATATAAAACT 

-703 TAAGAGAAAACTAAGCA^GAGTTTTGGAAXTCTGCCCCAGGAGACTGCATCC TGAG 

AP-X 

-643 ACGAGT LUU " i ' Grr CTCriU'ClTGTCCCAAA^CCGTTACCTCA^ 

-583 CTCAAATATAGAATTCAGGGTTTTACAGGTAGGCATCTTGAGGATT^ 

-S 2 3 GCAACTCACTCCTTTTCTACTCTTTGGAGAGTTTCAAG 

-4 63 AATCATTGCTAAGGGTTGGGGGGGAGA^UICCTTTTCGAATT^^ 

-403 TTGC C ' l ' CJ ' in 'gAGCTJ^.gCTACTT CCTA^AAAGG^ ^ 

CArG box 

-343 ACTTATTCGAAAAAGAAATAAGAAa.TAATTGCCAGTGTGTTTATAAATGATATGA^^ 

AP-1 

-283 GAGTGGTGCGAAGAGGATAGGAAAAAftAAATTCTATTTGGTGCTGGA^ 
-223 ann " i ' i ' i 'g (j ' inH " ri ' inn '^ A4 g i ^ ^ ^ 

NF-l like 

-163 TGCTGAGTGTCAAGGGGTCAGGATCAATCCGGTGT GAGTTGATGA GGCAGGAAGGTGGGG 

TI2-liJca 

-103 AC^AATGCGAGGAATGTCCCr G TTTGTGTAGGACrCCATTCAGCT CATTGG CG^^ 

-43 G CCGCCC GGAGC GTATAAAA GCCTCGGG CCGCCCGCCC CAAACTCACACAACAACTCT^ 
SP-1 TATAiox 3P-1 +1 

17 CCCGCTGAGAGGAGACAGCCAGTGCGACTCCACCCTCCAGCTCGACGGCAGCCGCCCCGG 

77 CCGACAGCCCCGAGACGACAGCCCGGCGCGTCCCGGTCCCCACCTCCGACCACCGCCAGC 

13 7 GCTCCAGGCCCCGCGCTCCCCGCTCGCCGCCACCGCGCCCTCCGCTCCGCCCGCAGTGCC 

197 AACCATGACCGCCGCCAGTATGGGCCCCGTCCGCGTCGCCTTCGTGGTCCTCCTCGCCCT 

MTAASMGPVRVAFVVLLA 
2 57 CTGCAGCCGGGTAAGCGCCGGGAGCCCCCGCTGCGGCCGGCGGCTGCCAGGGAGGGACTC 

I* c S R Intron 1 

3 17 GGGGCCGGCCGGGGAGGGCGTGCGCGCCGACCGAGCGCCGCTGACCGCCCTGTCCTCCCT 
377 GCAGCCGGCCGTCGGCCAGAACTGCAGCGGGCCGTGCCGGTGCCCGGACGA6CCGGC6CC 

PAVGQHCSGPCRCPDEPA 
437 GCGCTGCCCGGCGGGCGTGAGCCTCGTGCTGGACGGCTGCGGCTGCTGCCGCGTCTGCGC 

PRCPA GVSLVLDGCGCCRV C 

497 CAAGCAGCTGGGCGAGCTGTGCACCGAGCGCGACCCCTGCGACCCGCACAAGGGCCTCTT 

AKQLGELCTERDPCDPHKGL 
557 CTGTGACTTCGGCTCCCCGGCCAACCGCAAGATCGGCGTGTGCACCGGTAAGACCCGCAG 

FCDFGSPANRKIGVCT Intron 2 . . 

FIG. 1C.1 
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617 CCCCCACCGCTAGGTGTCCGGCCGCCTCCTCCCTCACGCCCACCCGCCCGCTGGAAAAAG 
677 AAACCGCTCGGACTGA G riTCiUU'CTCCAGCTGCTGCCAGCCCGCCCCCTGCAGCCCAGA 
737 TCCCAACTCGCATCCCTGACGCTCTGGATGTGAGAGTGCCCCAATGCCTGACCTCTGCAT 
797 CCCCCACCCCTCTCTTCCCTTCCTCTTCTCCAGCCAAAGATGGTGCTCCCTGCATCT 

A K D G A P C I F 

857 GTGGTACGGTGTACCGCAGCGGAGAGTCCTTCCAGAGCAGCTGCAAGTACCAGTGCACGT 
GGTVYRSGESFQSSCKYQCT 
9 17 GCCTGGACGGGGCGGTGGGCTGCATGCCCCTGTGCAGCATGGACGTTCGTCTGCCCAGCC 
CL DGAVGCMPLGSMDVRLPS 
977 CTGACTGCCCCTTCCCGAGGAGGGTCAAGCTGCCCGGGAAATGCrrGCGAGGAGTGGGTGT 
P D C ? F P RRVK-LPGK CCEEWV 
1037 GTGACGAGCCCAAGGACCAAACCGTGGTTGGGCCTGCCCTCGCGGGTGAGTCGAGTCTTC 

C D E P K D Q T V V G P A L A 

1097 CTCTAAGTCAGGGTCGTGATTCTCTCCCAGGGAGGGAGTCCTAACTGTGCCGACCGAACG 
11S7 GGGAAATACCTTATCAGGCGTTTTACATGGTGTTTGTGTGCTCTGCTCTCGCAGCTT 

Intiron 3 A Y 

1217 GACTGGAAGACACGTTTGGCCCAGACCCAACTATGATTAGAGCCAACTGCCTGGTCCAGA 
RLEDTFGPDPTMIRANCLVQ 
1277 CCACAGAGTGGAGCGCCTGTTCCAAGACCTGTGGGATGGGCATCTCCACCCGGGTTACCA 

TTEWSACSKTCGMGISTRVT 
1337 ATGACAACGCCTCCTGGAGGCTAGAGAAGCAGAGCCGCCTGTGCATGGTCAGGCCTTGCG 

NDNASCRLEKQSRLCMV R P C 
13 9 7 AAGCTGACCTGGAAGAGAACATTAAGGTACATGTTCTGCTCCTATTAACTATTTTTCA 

EADLEENI.K .>Int:r on 4 

1457 GGAAAAACAGTGGATAGGACCCAACTTAGGGCrCTO 

IS 17 TATCTCCAAAACTATCTAACCATTGAGCTGTTrTGCTGGAATGAGAGC^ 

1577 AACCACCA G ' rriT CCACTACGAAATCTTCCACAGGGTTAGTTAATT 

1637 AGAGGCTCTGGCTATTTTTGGACATAGCAAATGAGACTCAAACTTCCTCCCCTCai^ 

1697 TAAACa.GAAGTCAGACAACAGAAGACrAAAACACAGAGGGTTGA AGAA AGCCA 

1757 TGTAGAGTCGCTGATTTTTTTTTTTCCTCTCTCTTTTCCCTTGTC^^ 

K G 

18 17 AAAAGTGCATCCGTACTCCCAAAATCTCCAAGCCTATCAAGTTTGAGCTTTCTGGCTGCA 

KKCIRTPKISKPIK FELSGC 
1877 CCAGCATGAAGACATACCGAGCTAAATTCTGTGGAGTATGTACCGACGGCCGATGCTGCA 

TSMKTYRAKFCGVCTDGR CC 
1937 CCCCCCACAGAACCACCACCCTGCCGGTGGAGTTCAAGTGCCCTGACGGCGAGGTCATGA 

TPHR TTTLPVEFKCPDGEVM 
1997 AGAAGAACATGATGTTCATCAAGACCTGTGCCTGCCATTACAACTGTCCCGGAGACAATG 

KKMMMFIKTCACHYNCPGDM 
2057 ACATCTTTGAATCGCTGTACTACA6GAAGATGTACGGAGACATGGCATGAAGCCAGAGAG 

DIFESLYYRKMYGDMA ♦ 

2117 TGAGAGACATTAACTCATTAGACTGGAACTTGA ACTGAT TCACATCTCATTTTC 
2177 AAATGATTTCAGTAGCACAAGTTATTTAAATCTUlU"lU"i'CrAA CTG^ ^ 
2237 CACCCAATTCAAAACATTGTGCCATGTCAAACAAATAGTCTATCTTCCCCAG^ 
2297 TTGAAGAATGTTAAGACTTGACAGTGGAACTACATTAGTACACAGCACCAGAATGTATAT 
2357 TAAGGTGTGGCTTTAGGAGCAGTGGGAGGGTACCGGCCCGGTTAGTATC ATCAG ATCGAC 
2417 TCTTATACGAGTAATATGCCTGCTATTTGAAGTGTAATTGAGAAGGAAAATTTT^ 
2477 CTCACTGACCTGCCTGTAGCCCCAGTGACAGCTAGGATGTGCATTCTCCaGCCATCAAGA 
2537 GACTGAGTCAA GlU ' Uri 'CCrTAAGTCAGAACAGCAGACTCAGCrCT 

2597 AATGACACTGTTCAGGAATCGGAATCCTGTCGATTAGACTGGACAGCTTGTGGCAAGTGA 
2657 ATTTGCCTGTAACAAGCCAGATTTTTTAAAATTTATATTGTAAATAT^ 
2717 GTGTGTGTATATATATATATATATGTACAGTTATCTAAGTTAATTTAAAGTTGTTO 
2777 CriUUTAyrriTUlUYr TAATGCTTTGATATTTCAA^ 

2837 ATAGGTAGAATGTAAAGCTTGTCTGATCGTTCAAAGCATGAAATGGATACTTATATGGAA 

FIG. 1C.2 
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2897 ATTCTGCTCAGAIAGAATGACAGTCCGTCAAAACAGATTGTTTG 

2957 GTGTCTTGGCAGGCTGATTTCTAGGTAGGAAATGTGGTAGCTCACGTTTAATC^ 

3017 GGCerT ATTA AAAACTGAG TGACTC TATAT AGCT G ATC AG riUU ^ ^ ^ 

3 077 TTTCTACTTTGATATGACTGTTTTTCGACAGTTTATTTGTTGAGAGTGTGACCAAAAGTT 
3137 ACATG TTTG CAC CTT TCTAGTT GAAAATAAAGTGTATA T' ri ^ ^ ^ 

3197 TATTCATTTATCCTTCTAAACATTTCTGAGTTTTCTTGAGCATAAATAGGAAGTTCTTAT 
3257 TAATCATAAGATAATTCACCAATAATTTTCTAAATATCT^ 
3317 aAATTGATTATTCCATAGAATTTTTATGTAAACATACTO 
3377 GACTTGCAGGCATA 



FIG. 1C.3 
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TGF-S RESPONSE ELEMENTS 
IN THE CTGF PROMOTER 
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Inabimty of CTGF to substitute Inhibtion of Anchorage Independent 
for TGF-P Growth by 8Br cAMP and Cholera 

to support Anchorage 
Independent Growth 
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